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General Summary
New cultivars are strongly expected for the stable domestic supply of wheat and the
cultivars must have high productivity and high quality.
In the pedigree analysis for wheat cultivars developed by Nagano Agricultural Experiment
Station Tozan line , seven ancestors, collectively, contributed 51.5% to the gene pool.( )
Fukuhokomugi, which was a high yield cultivar and often used as a cross parent, did not contribute
to high flour protein.
Haploid breeding was applied for developing new wheat cultivars. In this method wheat
was crossed with or maize, following the elimination of the chromosomes and byHordeum bulbosum
doubling the chromosomes, a doubled haploid (DH) plant, which was completely homozygous, could
be obtained immediately.
Tozan lines produced haploid embryo with method. The treatment with 2,4-D atbulbosum
25 - 100 mg L was effective for method. For maize method, 2,4-D at 50 - 100 mg L was-1 -1bulbosum
optimum. Teosinte also could be used effectively for haploid breeding of wheat.
In DH -DH populations by the method, the frequency distribution of culm length3 6 bulbosum
showed two peaks, though that in F -F from the same F hybrid showed a continual normal3 6 1
distribution. DH lines by the two methods were treated with GA. The scatter diagram of the
sensitivity to GA plotted against culm length was divided into three groups. The segregation ratio
was close to the expected ratio; 1:2:1 in both DH lines, suggesting the useful selecting of the
medium culm-length of DH lines than the conventional bulk method in addition of examining GA
sensitivity.
'Kinuhime' was developed by method. 'Yumeasahi' and 'Hanamanten' werebulbosum
developed by maize method. The latters were developed in 8 - 9 years after initial crossing. In
conventional method, it took usually 12 - 16 years, showing that haploid breeding could shorten the
time considerably.
Applying the haploid breeding method, the author could develop new cultivars relatively in
a short time and the new cultivars had good agronomic characters and high flour quality, which had
been considered very difficult for a long time to combine.
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Summary
1. For Tozan lines (wheat cultivars developed by Nagano Agricultural Experiment Station) released
recently, the pedigree became more complicated than old Tozan lines, and it must be traced to the
oldest ancestor up to 13 generations. It had more than or nearly 200 total ancestors in the pedigree
though the number was reduced to about half when common ones were excluded. Half of lines from
Tozan 26 to Tozan 46 had more than 100 total ancestors though Tozan 1 (Zenkojikomugi) Tozan－
25 had less than 100 ancestors.
2. The average value of coefficients of parentage between Chunaga and Tozan lines was as high as
0.240, which showed that Chunaga alone contributed 24.0% to the genetic background of Tozan
lines. Chunaga was often used as a cross parent in early wheat breeding and produced many good
cultivars including Norin 61, which has been grown in wide areas.
3. The highest mean value of the coefficients of parentage to Tozan lines was 0.216 for
Hiyokukomugi, followed by Kinuiroha (0.213), Norin 61 (0.206), Mikunikomugi (0.205) and Tokai 80
(0.194). The cultivars developed in the Kanto + Tokai region showed a relatively high kinship to
Tokai lines, though the values of coefficient of parentage were not so high.
4. Tozan lines more related to cultivars in the Tohoku region tended to be late heading and more
cold-tolerant. Tozan lines more related to Ayahikari or Kinuazuma tended to be early maturing.
Fukuhokomugi, which was a high yield cultivar and often used as a cross parent did not contribute
to high flour protein. In general, Tozan lines had no specific cultivars used extensively as a cross
parent having significant influence on yield or flour quality.
5. Haploid breeding method was applied for developing new wheat cultivars with good agronomic
Hordeumcharacteristics and high flour quality. In this method, wheat is wide-crossed with pollen of
( method), maize (teosinte) (maize method), etc. All chromosomes of a pollenbulbosum bulbosum
parent are eliminated during the development of embryo. With the help of embryo culture, haploid
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plant, which has only wheat chromosomes, can be obtained. By doubling the chromosome number, a
doubled haploid (DH) plant, which is completely homozygous, can be obtained immediately. Fourteen
2 1 1lines of 21 Tozan lines was able to produce haploid embryo with method. In F and B Fbulbosum
derived from crossable and non-crossable parent, seeds of DH were set with frequency from 2.9% to
8.4%.
6. The percentage of florets from which haploid plantlets were developed by embryo culture was
slightly increased by the treatment of the spikes with 25-100 mg L 2,4-D, but significantly reduced-1
by 125-175 mg L 2,4-D. It suggested that treatment with 2,4-D at 25 100 mg L would be-1 -1～
effective for haploid wheat production by method.bulbosum
7. 2,4-D was more useful for haploid wheat production than either NAA, IAA, kinetin or BA. In
addition, the present results indicated that 2,4-D and NAA, namely synthetic auxin, might be more
effective for haploid wheat production than cytokinin.
8. The treatment with 50 mg L 2,4-D increased the embryo size, but the treatments with above 75- 1
mg L 2,4-D inhibited the development of the embryo.-1
9. The percentage of florets developing into haploid plants was increased by the treatment with 100
mg L 2,4-D. The concentration of 2,4-D in the seed was increased to 9.24 ppm by the treatment- 1
with 100 mg L 2,4-D, a further increase of 2,4-D concentration in the medium having no effect. On- 1
the other hand, the concentration of 2,4-D in the glumes and rachis increased up to 12.72 and 41.55
ppm by the treatment with 100 and 150 mg L 2,4-D, respectively. The treatments with 2,4-D at a-1
concentration higher than 100 mg L inhibited embryo development. It suggested that 2,4-D at the- 1
concentrations from 50 to 100 mg L would be optimum for haploid wheat production by maize-1
method.
10. The frequency distribution of culm length in DH , DH , DH and DH populations from DH lines3 4 5 6
produced by the method showed two peaks, though that in F , F , F and F populationsbulbosum 3 4 5 6
from the same F hybrid (non-selective population) showed a continual normal distribution. The1
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ratio of individuals with a shorter culm length to those with a longer culm length in DH lines was
close to the expected ratio; 1:3. The frequency distribution of culm length in F was significantly6
different from that in F -F populations, indicating an unintentional selection during the generation3 5
of the self-pollinated hybrid, but the frequency of short culm relative to long culm individuals was
lower in F -F populations than in DH lines.3 6
11. Using an F hybrid with the semi dwarf genes, and by and maize method,1 Rht1 Rht2, bulbosum
DH lines were produced, and 102 seedlings of each DH line produced by the two methods were
treated with GA. The sensitivity to GA was shown by the GA index GAI which is length of the( ) (
first leaf sheath LS of GA-treated seedlings / length of LS of GA-non-treated seedlings x 100.( ) )
The scatter diagram of GAI plotted against culm length was divided into three groups, low, medium
and high GAI groups. The segregation ratio of these gametophytic phenotypes was close to the
expected ratio; 1:2:1 = : + : , in both DH lines produced byRht1Rht2 Rht1rht2 rht1Rht2 rht1rht2( )
the two methods. It suggests the usefulness of selecting the medium culm-length lines in the DH
lines produced by the or maize method in addition of examining the GA sensitivity GAI .bulbosum ( )
12. Wheat x teosinte cross was the highest in frequency of embryo obtained 38.5% and in haploid( )
frequency per pollinated florets 31.5% . Teosinte can be used effectively in haploid breeding( )
programs of wheat.
13. From the cross of soft wheat / extra hard wheat, maize method was applied. As for DH lines, the3
distribution of the rank of agriculture and flour quality characteristics did not have skewness. If the
frequency of hard flour or high over-wintering ability in early heading lines was low, new cultivars
might not be selected.
14. 'Kinuhime', a soft red winter wheat cultivar, was developed with method and releasedbulbosum
in 1998. 'Kinuhime' was selected from DH lines derived from the cross 'Kanto95' / 'Tozan18' //
'Nishikazekomugi'. 'Kinuhime' has the very early maturity, high yielding, sprouting resistance and
lodging resistance, adapted for production in the cold climate southern region in Japan.
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15. 'Yumeasahi' and 'Hanamanten' were developed through maize method derived from the cross
'Saikai179' / 'KS831957'. Yumeasahi has medium maturity, many ears, high tolerance to soil
upheaval, slightly high sprouting resistance and good baking quality. Hanamanten has early
maturity, many ears, high tolerance to soil upheaval, slightly high sprouting resistance and good
quality for Chinese noodle.
16. By applying haploid breeding method, the author showed that new cultivars with good
agronomic characters and high flour quality, which had been considered very difficult for a long time
to combine, could be developed relatively in a short time. Results obtained in this thesis showed that
the author established the new wheat breeding method, and new cultivars developed using the
method could contribute wheat production considerably.
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Chapter 1.
Introduction
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Japan imports more than 5000 thousand tons of wheat from abroad every year. The wheat
self-sufficiency ratio was only 14% according to the Ministry of Agriculture, Forestry and Fisheries
of Japan. Improvement of the self-sufficiency rate is an urgent problem. However, the planted area
of wheat does not increase enough. The government had purchased all wheat produced in the
country with a source of revenue by the duty cost pool method . This method has failed owing to a( )
financial difficulty, and the purchase of wheat has shifted to the private circulation. Since production
cost of wheat is considerably high, producers do not make a enough profit without the grant from
the government.
The price difference from the imported wheat is still large. The government encourages
wheat production because of the over-production of paddy-rice, thus, wheat is produced as the
substitute crops for paddy-rice. The yearly deficit-covering by the government of wheat purchase
under the general account was 200 500 million yen and the new system was proposed to cut the-
cost.
In this system, the rank of the grant is decided by the planting situation of wheat of the
past three years, resulting that acreage of wheat does not increase as expected. On the other hand,
Japan imports most wheat from U.S.A., Canada and Australia, but wheat in Australia has failed
this year owing to the drought. In addition, since the wheat acreage was substituted for the
production of bio-ethanol, the international price of wheat has been rising. As a result, the price of
imported wheat rose, and almost all flour milling industry decided the price raise of the product.
Thus, both of flour milling industry and public consumers expect the domestic wheat
production. New cultivars are strongly expected for the stable supply, and the cultivars must have
high productivity and high quality. Especially, developing a new cultivar in a short period is
urgently expected for a cultivar with high quality for bread making, which had been possible only in
Hokkaido.
The meteorological characteristic of Nagano has severe winter. The growth of wheat is
restrained by snow blight, freeze, cold wind and frost heave. Main objectives of wheat breeding in
Nagano Agricultural Experiment Station are early maturity with winter habit, high yield, freezing
hardiness, snow endurance, heaving resistance, resistance to pre-harvest sprouting and high flour
quality.
The first cultivar released in this station was Zenkojikomugi released in 1965 , which was( )
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mainly used as a gene source for the resistance to pre-harvest sprouting. New cultivars with higher
quality and higher yielding should have been developed successively and quickly. To develop a new
cultivar, conventional cross breeding had been employed at Nagano Agricultural Experiment Station,
but to develop a new cultivar more rapidly, haploid breeding must be useful for fixation genetically.
Since the first paper on pollen embryo genesis in anther culture of wasDature innoxia
reported by Guha and Maheswari 1964 , many studies have been carried out using various plant( )
species and this method was applied to breeding of tobacco Nakata and Tanaka, 1968 , rice( )
( ) ( ) ( )Niizeki and Oono, 1968 , mishimasaiko Shon and Yoshida, 1997 , Sorghum Can et al., 1998
and pearl millet Shigemune and Yoshida, 2000 .( )
Through anther culture, haploid plants are obtained and the homozygous plants, which can
be obtained immediately by doubling their chromosome number, are used as inbred lines in a hybrid
breeding program. This method is named haploid breeding. These doubled haploid DH plants can( )
be selected without segregation of later generations. DH plants may also contribute to the genetic
studies of various plant species.
In barley, Kasha and Kao 1970 reported another haploid breeding method, in which( )
barley haploids could be produced through the wide cross with , following theHordeum bulbosum
chromosome elimination of the in the developing embryo and the homozygous plantsH. bulbosum
can be obtained also immediately by doubling their chromosome number.
Selection of clones adapted for a breeding program was attemptedHordeum bulbosum
Furusho et al., 1980; Furusho et al., 1992 and a high quality malting barley cultivar was released( )
using this method Furusho et al., 1999 .( )
Kadotani and Nakata 1983 reviewed that haploid breeding method was useful to reach( )
breeding object when genes concerning the characters in breeding plan was a few though a breeding
scale with haploid breeding must be larger than conventional cross breeding. However, so far to
develop a new wheat cultivar, a lot of DH lines had not been produced and useful selection methods
had not been developed.
In wheat, three alternative haploid breeding systems are now available, i.e., anther culture
Buyser et al., 1981; Winzeler et al., 1987 , crossing with Sitch and Snape,( ) (Hordeum bulbosum
1986a; Snape et al., 1988 method and crossing with maize L. Suenaga)( ) ( ) (bulbosum Zea mays
and Nakajima, 1989; Ushiyama et al., 1991 maize method .)( )
- 9 -
An application of the method for wheat haploid production is restricted due to thebulbosum
presence of non-crossability genes, and/or , in wheat genotypes Snape et al. 1979 .Kr1 Kr2 ( )
However, Inagaki and Snape 1982 reported that seven of the eight Japanese cultivars examined( )
were developed into haploid wheat plants with method and method can bebulbosum bulbosum
promising for wheat breeding programs in Japan. But no one applied this method, and nobulbosum
cultivar was developed by this method. And whether or not a genetic variation occurs in the progeny
of the DH lines has not been tested.
On the other hand, Laurie and Bennett 1988 observed that the wheat genotypes carrying( )
gene s could produce haploid plants by maize method. The frequency of haploid production wasKr ( )
increased by treatment with 2,4-dichlorophenoxyacetic acid 2,4-D Suenaga and Nakajima 1989;( ) (
Inagaki and Tahir 1990 . However, Ushiyama et al. 1990 reported that wheat florets crossed with) ( )
bulbosummaize pollen contained many seeds lacking embryos as compared with those of the
method. In the crosses of wheat x maize, 2,4-D treatment promoted seed setting and embryo
formation Kisana et al., 1993; Laurie and Bennett, 1988; Riera-Lizarazu and Mujeeb-Kazi, 1990;(
Suenaga and Nakajima 1989 , but the optimum concentration of 2,4-D for embryo differentiation)
and the production of haploid wheat have not been determined. And whether or not a genetic
variation occurs in the progeny of the DH lines had not been tested with maze method, too. No new
cultivar had been released by maize method.
In this thesis, firstly, the author will examine the pedigree record of wheat cultivars
developed by Nagano Agricultural Experiment Station. Number of parents in the pedigree tree,
number of generations retrieved, contribution of ancestor cultivars to modern cultivars and the
relationship between the kinship to major cultivars and performance of the cultivars are described.
This pedigree analysis could give valuable information for breeding cultivars with more high
performance.
The author will apply, secondly, and examine the haploid breeding for developing a new
bulbosumcultivar adapted in Nagano and other areas. To produce DH lines of wheat effectively by
method and maize method, one of the key factors is 2,4-D application. The effects of 2,4-D on the
growth of the haploid embryos and their development into plantlets in both methods are described.
Thirdly, haploid breeding method and conventional balk method are compared. Genetic
variation among the DH lines, which theoretically have no bias if no gametophytic selection occurs,
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will be also discussed for the future use of the breeding program.
Lastly, the new wheat cultivars released by haploid breeding will be described. The author
tried to develop a new cultivar with early heading time, sprouting resistance, lodging resistance and
good flour quality for Japanese noodles and hard wheat for bread from DH lines derived from soft
wheat/extra hard wheat crossing.
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Chapter 2.
Pedigree Analysis of Wheat Cultivars
in Nagano Prefecture
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Nagano prefecture in Japan is located near Kanto and Tohoku regions. The meteorological
characteristic of Nagano is severe winters, and it becomes suddenly warm in early spring. The
growth of wheat is restrained markedly during the winter season by snow blight, freeze, cold wind
and frost column. Nagano has a rainy season. These weather factors cause pre-harvest sprouting
Kuwabara 1993 . Therefore, the main objectives of wheat breeding at Nagano Agricultural( )
Experiment Station are early maturity with winter habit, high yield, freezing hardiness, snow
endurance, heaving resistance, resistance to pre-harvest sprouting and high flour quality. The first
cultivar released at this station was Zenkojikomugi name of breeding line was Tozan 1, 1965 ,( )
which was mainly used as a gene source for the resistance to pre-harvest sprouting. New cultivars
with higher yield, higher flour quality and wider adaptability are awaited.
Pedigree analysis, which is the study of breeding records of crop cultivars, of the breeding
materials could give valuable information for breeding cultivars with higher performance. However,
the pedigree record of recently released cultivars, which are developed after many crossings among
promising parents, is very complicated and it is almost impossible to understand the records without
proper numerical analysis.
A computer program for the pedigree analysis, i.e., drawing a pedigree tree, calculating the
maximum generation traced in the pedigree generations to the furthest last ancestor in the(
pedigree tree , total number of ancestors in the pedigree, number of ancestors except common ones)
and coefficients of parentage among any cultivars, has been written in Prolog, a programming
language with logical operations for artificial intelligence and data retrieval applications Mizuta et(
al., 1996; Yoshida, 2004 . Using this program, the genetic background of rice cultivars developed in)
Fukuoka prefecture Yoshida and Imabayashi, 1998 , in Kanto Ohta et al., 2006 , in Fukushima( ) ( )
Sato and Yoshida, 2007 and in Hokuriku Shigemune et al., 2006 , and of barley cultivars in( ) ( )
Fukuoka Mizuta et al., 1996 were analyzed and the relation to the agronomic and quality( )
characters were studied.
For rice cultivars in Fukuoka, Oosato and Yoshida 1996 showed that cultivars more( )
related to Koshihikari had higher eating quality but Sato and Yoshida 2007 found no relationship( )
between them in cultivars in Fukushima. Mizuta et al. 1996 found that malting barley cultivars( )
more related to Harunanijo had higher malting quality. Yoshida and Oosato 1998 showed the( )
relationship between the rate of rice root regeneration from embryo callus and the genetic
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background. These data show that cross combinations with high performance can be partially
estimated in advance by computing the coefficients of parentage, which will lead to the planning of
more reasonable and theoretical breeding strategy.
In wheat cultivars developed in Kyushu the genetic background was narrow, the number of
ancestors was relatively small, and Norin 61, the main cultivar in Kyushu, had no contribution to
yield and quality Mizuta and Yoshida, 1996 . The genetic background of cultivars in Kyushu and( )
Nagano might be different and pedigree analysis should be conducted at each breeding station.
Therefore, pedigree analysis of wheat cultivars developed at Nagano Agricultural Experiment
Station Tozan lines was attempted.( )
1. The Maximum Generation Traced in the Pedigree and the Number of
Ancestors in the Pedigree
In this section, to find the general aspect of the pedigree tree, the author counted the
maximum generation traced in the pedigree and the number of ancestors in the pedigree of Tozan
lines.
Materials and Methods
A computer program for the pedigree analysis in Prolog Mizuta et al., 1996 modified for( )
Windows AZ-Prolog for Win32, Sofnec co. Ltd., Yoshida, 2004 was used. The 46 Tozan lines shown( )
in Table 1 were studied. Pedigree trees of all cultivars computed were drawn and checked for the
accuracy of the record. A cultivar originating from a mutation or pure line selection was considered
as an original cultivar. Even if there is some discrepancy in the early crossing record, the values of
coefficient of parentage have little difference Yoshida, 1998 .( )
The maximum generation traced in the pedigree, the total number of ancestors and the
total number of ancestors except common ones in the pedigree tree was counted for each Tozan line.
Results and Discussion
Table 1 shows the maximum generation traced in the pedigree, the total number of
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Total Exceptcommon ones
Tozan 1 1966 2 6 3
Tozan 2 1967 5 26 21
Tozan 3 1975 3 10 4
Tozan 4 1975 5 18 17
Tozan 5 1976 5 20 18
Tozan 6 1976 5 16 15
Tozan 7 1977 5 20 18
Tozan 8 1977 5 16 15
Tozan 9 1978 6 74 45
Tozan 10 1978 3 6 6
Tozan 11 1978 6 44 28
Tozan 12 1979 6 44 28
Tozan 13 1979 7 78 49
Tozan 14 1979 6 74 45
Tozan 15 1980 6 44 28
Tozan 16 1980 7 78 49
Tozan 17 1980 7 78 49
Tozan 18 1981 7 78 49
Tozan 19 1982 9 96 45
Tozan 20 1982 6 62 41
Tozan 21 1983 8 50 34
Tozan 22 1984 6 40 26
Tozan 23 1984 6 32 25
Tozan 24 1985 6 32 25
Tozan 25 1987 6 32 31
Tozan 26 1987 9 138 71
Tozan 27 1988 9 60 31
Tozan 28 1989 10 198 72
Tozan 29 1991 9 138 71
Tozan 30 1994 10 210 82
Tozan 31 1995 7 74 45
Tozan 32 1996 9 106 45
Tozan 33 1997 9 98 41
Tozan 34 1998 9 98 41
Tozan 35 1999 9 98 43
Tozan 36 1999 8 80 51
Tozan 37 2000 9 98 43
Tozan 38 2001 12 196 79
Tozan 39 2001 12 196 79
Tozan 40 2002 12 196 79
Tozan 41 2003 13 192 59
Tozan 42 2004 11 128 75
Tozan 43 2004 9 126 79
Tozan 44 2005 9 94 58
Tozan 45 2006 7 34 27
Tozan 46 2006 11 222 94
7.5 83.8 43.0Mean
Table 1.  Maximum generation traced in the pedigree,
        total number of ancestors and number of ancestors
        except common ones of Tozan lines.
Tozan
line
Year of
release
Maximum
generation
in the pedigree
Number of ancestors
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ancestors in the pedigree and the total number of ancestors except common ones, of the Tozan
lines. In Tozan 3, the numbers were 3, 10 and 4, respectively, and in Tozan 46, the numbers were
11, 222 and 94, respectively. For Tozan lines released recently, the pedigree became more
complicated than old Tozan lines, and it must be traced to the oldest ancestor up to 13 generations.
It had more than or nearly 200 total ancestors in the pedigree though the number was reduced to
about half when common ones were excluded. Half of lines from Tozan 26 to Tozan 46 had more
than 100 total ancestors in total though Tozan 1 Zenkojikomugi Tozan 25 had less than 100( ) -
ancestors.
In rice in Fukuoka, the maximum generation traced in the pedigree, the total number of
ancestors in the pedigree and the total number of ancestors except common ones were reported to be
17, 1238 and 119, respectively Oosato and Yoshida, 1996 . In barley in Fukuoka, they were 10, 196( )
and 47, respectively Mizuta and Yoshida, 1994 , and in wheat in Kyushu, they were up to 9, 138( )
and 66, respectively Mizuta and Yoshida 1996 . In wheat of Tozan lines, they were fewer than in( )
rice, showing that the wheat pedigree is more simple than the rice pedigree. Though wheat lines in
Kyushu computed were older, the pedigree of Tozan lines had more ancestors and was more
complicated than Kyushu lines.
l2. Contribution of Ancestors to the Gene Poo
To determine the genetic background, the contribution of ancestors to the gene pool of
Tozan lines was also examined.
Coefficients of parentage show the kinship between two cultivars. It is defined as the
probability that a random gene from X is identical by descent with a random gene from Y,
considering two individuals, X and Y Kempthorne, 1969 . By using these values, we could( )
numerically characterize recent cultivars with a very complicated pedigree record. The coefficient of
parentage for a last ancestor having no further ancestors can be considered as the genetical( )
contribution the value multiplied by 100 to % of the ancestor to the gene pool Mizuta et al.,( ) (
1996 .)
Materials and Methods
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The coefficients of parentage between Tozan lines and the oldest cultivars, i.e. the
contribution of ancestors to the gene pool, were computed to find the genetic background of Tozan
lines.
Results and Discussion
Table 2 shows the contribution of ancestors to the gene pool of Tozan lines. The average
value of coefficients of parentage between Chunaga and Tozan lines was as high as 0.240, which
showed that Chunaga alone contributed 24.0% to the genetic background of Tozan lines. It was
followed by Igatikugo 0.067 , Eshima 0.049 , Oregon 0.048 , Goshu 13 0.047 , Yaru Waizen( ) ( ) ( ) ( )
0.035 and Shirochabo 0.028 . It shows that only a few ancestors contributed to the gene pool.( ) ( )
Seven ancestors, collectively, contributed 51.5% to the gene pool. It also shows the necessity of
widening the genetic background to overcome the "genetic vulnerability" Walsh 1981 .( )
In wheat cultivars in Kyushu, Chunaga contributed 39.3% to the gene pool Mizuta and(
Yoshida 1996 , which was higher than that in Tozan lines. Chunaga was often used as a cross)
parent in early wheat breeding and produced many good cultivars including Norin 61, which has
been grown in wide areas. This is the reason for the high contribution of Chunaga to wheat cultivars
even at present.
Five ancestors of rice, 3 of malting barley and 5 of wheat, collectively, contributed 62.5, 71.8
and 59.4 % to the gene pool, respectively Oosato and Yoshida, 1996; Mizuta and Yoshida, 1994;(
Mizuta and Yoshida, 1996 . The value in Tozan lines for the top 5 ancestors was 45.2 Table 2 and) ( )
lower than that in cultivars in Kyushu, but it still shows the narrow genetic background of Tozan
lines.
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Table 2.　Ancestors contributing to the gene pool of Tozan lines.
No. Ancestors
Mean
coefficient of
parentage*
Accumulated
contribution to
gene pool (%)
1 Chunaga 0.240 24.0
2 Igatikugo 0.067 30.8
3 Eshima 0.049 35.7
4 Oregon 0.048 40.5
5 Goshu 13 0.047 45.2
6 Yaru waizen 0.035 48.7
7 Shirochabo 0.028 51.5
8 Garenet ott 652 0.027 54.2
9 Ridet 0.026 56.8
10 Shirasaya 0.023 59.1
11 Odeskaya 51 0.022 61.3
12 Hayakomugi 0.021 63.4
13 Sinriki 0.021 65.5
14 Sirodaruma 0.020 67.5
15 Berubetto 0.020 69.5
16 Yushoki 0.019 71.4
17 Hirosimasipure 3 0.019 73.3
18 Asahi 0.016 74.9
19 Martins amber 0.015 76.4
20 Gaines 0.015 77.9
21 Turkey red 2 0.014 79.3
22 Hizakiri 0.014 80.8
23 Akabozu 0.014 82.2
24 d.w.sel.no71 0.012 83.4
25 Srai 1970 0.011 84.5
26 Srai 1900 0.011 85.6
27 Pekin 11 0.011 86.7
28 Karl 0.011 87.7
29 Aroona 0.011 88.8
30 Sojukuakage 0.010 89.8
31 Calfornia 0.010 90.8
* Average of 46 Tozan lines.
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3. Cultivars Related to Tozan Lines
The coefficients of parentage between Tozan lines and main cultivars were also examined.
The coefficients of parentage estimated from pedigree record and the genetic distance
estimated from DNA polymorphism had significant correlations in malting barley Uchimura et al.,(
2004 and in barley and wheat Kobayashi and Yoshida, 2006 . This shows that the coefficients of) ( )
parentage, which are calculated assuming that cultivars derived from the crossing have half of the
genetic materials of each cross parent, is related to the genetic distance estimated from DNA
polymorphism.
Materials and Methods
The coefficients of parentage between Tozan lines and main cultivars were computed to find
the genetic background of Tozan lines. The main cultivars included 51 main cultivars and 82
cultivars having Norin number Norin 76 Yuyakekomugi - Norin 165 Hanamanten except 8( ( ) ( )
cultivars which were developed in Nagano .)
Results and Discussion
Table 3 shows the top 10 cultivars most related to Tozan lines. The table shows the mean
values of the coefficients of parentage to Tozan lines. The highest value was 0.216 for
Hiyokukomugi, followed by Kinuiroha 0.213 , Norin 61 0.206 , Mikunikomugi 0.205 and Tokai( ) ( ) ( )
80 0.194 . Among the cultivars developed in a cold climate, the rank of the highest was 49th in( )
Hokuriku 49 0.142 , followed by Yukichabo 56th, 0.114 and Norin 27 57th, 0.105 Table not( ) ( ) ( )(
shown .)
For 82 cultivars having a Norin number, the coefficients of parentage to Tozan lines were
computed. They were divided into five groups depending on the region where they were developed;
Hokkaido region with severely cold in winter , Tohoku northern cold region , Hokuriku( ) ( )
southern cold region , Kanto + Tokai eastern mild climate region , Kinki + Chugoku + Shikoku( ) ( )
region, western mild climate region and Kyushu region warm region .( ) ( )
Table 4 shows the mean values and standard deviations of the coefficients of parentage
between the Tozan lines and cultivars having a Norin number in each region. The mean values of
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No. Cultivar
Mean of
coefficient of
parentage*
Region
1 Hiyokukomugi 0.216 Kyushu
2 Kinuiroha 0.213 Kyushu
3 Norin 61 0.206 Kyushu
4 Mikunikomugi 0.205 Kanto
5 Tokai 80 0.194 Tokai
6 Iwainodaiti 0.194 Kyushu
7 Gunma w10 0.193 Kanto
8 Junreikomugi 0.192 Shikoku
9 Ayahikari 0.192 Kanto
10 Ushiokomugi 0.188 Chugoku
* Average of 46 Tozan lines.
Table 3.  Top 10 cultivars related to Tozan lines.
Region
Number
of
cultivars
Mean of
coefficient of
parentage*
Standard
deviation of
coefficient of
parentage*
Hokkaido 13 0.022 0.014
Tohoku 19 0.045 0.028
Hokuriku 4 0.046 0.045
Kanto and Tokai 13 0.165 0.024
Kinki, Chugoku
and Shikoku 8 0.155 0.042
Kyushu 25 0.157 0.043
Table 4.　The means and standard deviation of coefficients
        of parentage between Tozan lines and cultivars having
        Norin number  in each region.
* Calculated for 46 Tozan lines.
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the coefficient of parentage in Kanto + Tokai region, Kyushu region and Kinki + Chugoku + Shikoku
region were 0.165, 0.157 and 0.155, respectively. The values in the Tohoku, Hokuriku and Hokkaido
regions were 0.045, 0.046 and 0.022, respectively. The standard deviation of the values was the
lowest 0.024 in the Kanto + Tokai region. Thus, the cultivars developed in the Kanto + Tokai( )
region showed a relatively high kinship to Tokai lines, though the values of coefficient of parentage
were not so high.
Among the cultivars developed in Kyushu, the cultivar most related to Tozan lines was
Asakazekomugi and the mean coefficient of parentage was as high as 0.478, followed by
Hiyokukomugi 0.373 , Chunaga 0.359 and Shiroganekomugi 0.359 Mizuta and Yoshida( ) ( ) ( ) (
1996 showing that a specific cultivar contributed to cultivars developed in Kyushu For Tokai), ．
lines, it seems that a specific cultivar did not contribute to Tozan lines in comparison to cultivars
developed in Kyushu.
4. The Relationship between the Performance of Cultivars and Kinship to
a Specific Cultivar
The relationship between coefficients of parentage and agronomic or flour quality characters
was studied.
Coefficients of parentage of crop cultivars had been computed using a conventional
computer program for soybean Delannay et al., 1983 , rice Dilday, 1990; Lin, 1991,1992 and( ) ( )
spring bread wheat Smale et al., 2002 . However, these reports did not mention the relationship( )
with agronomic characters.
Materials and Methods
To determine the relationship between the genetic background and performance, The author
computed the correlations between the kinship of a cultivar coefficient of parentage and( )
agronomic or flour characters. The characters examined were heading time, maturity data, milling
score, crude ash content, crude protein, L* value, a* value, and b* value of 60% flour. The values
were scored as a deviation from Shiranekomugi. These data were collected following the standard
method of Nagano Agricultural Experiment Station. Potential yield was calculated as the percentage
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of weight of whole grains per area to that of a standard cultivar Shiranekomugi . Sprouting( )
resistance was scored as 3: hardly sprouting, 5: intermediate and 7: easily sprouting. Grade of spring
habit was scored as 1: spring habit, 3: intermediate, and 5: winter habit. Cold tolerance, heaving
resistance and snow-mold tolerance were scored as 3: high, 5: intermediate, and 7: low based on the
rate of winter killing and the degree of damage after over-wintering in Hara village 1080m above(
sea , Shiojiri city 760m , and Iiyama city 300m .) ( ) ( )
The means of several replications from 1983 to 2007 were used. Since data was lacking for
some Tozan lines, 28 lines Shiranekomugi Standard cultivar , Tozan 18, and Tozan 22 - 46 were( ( ) )
used in the correlation studies.
Results and Discussion
Tables 5 and 6 show the correlation of agronomic characters and flour quality with the
coefficient of parentage to a specific cultivar among Tozan lines, respectively. In the tables, only the
cultivars having statistically significant differences are shown.
Significant positive correlations from 0.43 to 0.48 were found between the coefficient of( )
parentage and heading time in cultivars in the Tohoku region, showing that Tozan lines more
related to cultivars in Tohoku region tended to be late heading. Also significant negative correlations
from -0.38 to -0.45 between the coefficient of parentage and cold tolerance were found, showing( )
that Tozan lines more related to cultivars in Tohoku region tended to be more cold-tolerant. On the
other hand, significant negative correlations -0.46, -0.49 were found between the coefficient of( )
parentage and maturity data for cultivars in the Kanto region Ayahikari, Kinuazuma , showing( )
that Tozan lines more related to Ayahikari or Kinuazuma tended to be early maturing. In the same
cultivars, the grade of spring habit showed a negative correlation -0.38,-0.41 and snow mold( ),
tolerance showed a significant positive correlation 0.41,0.43 with the coefficient of parentage. A( )
significant negative correlation -0.47 with maturity data and a significant positive correlation( )
0.50 with heaving resistance were found in Gogatukomugi developed in Kyushu.( )
Except sprouting resistance, it seems that there are no cultivars having a high performance
as a cross parent in Hokuriku. However, a significant positive correlation 0.68, 0.67 was found in( )
the sprouting resistance of cultivars in Hokuriku Hokuriku 49, Yukichabo , showing that Hokuriku( )
49 and Yukichabo had good combining ability for sprouting resistance. However, a negative
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[Region]
    Cultivar
Mean
coefficient
of
parentage
Heading
time
Maturity
data
Potential
yield
Cold
tolerance1)
Heaving
resistance1)
Snow mold
tolerance1)
Sprouting
resistance2)
Grade
of
spring
habit3)
[Hokkaido]
Hokushin 0.031 0.39 0.25 0.16 -0.28 -0.20 -0.40* -0.07 0.27
[Tohoku]
Norin27 0.105 0.46* 0.32 0.26 -0.39* -0.05 -0.30 -0.30 0.15
Nanbukomugi 0.081 0.44* 0.28 0.11 -0.38* -0.21 -0.43* -0.31 0.29
Sakyukomugi 0.075 0.48* 0.33 0.20 -0.44* -0.13 -0.41* -0.27 0.25
Yukitikara 0.051 0.43* 0.29 0.13 -0.45* -0.17 -0.47* -0.28 0.31
Furutumasari 0.029 0.46* 0.32 0.23 -0.45* -0.06 -0.36 -0.32 0.20
[Hokuriku]
Hokuriku 49 0.142 -0.05 0.04 0.05 0.04 0.03 -0.10 0.68** 0.11
Yukichabo 0.114 -0.04 0.05 0.06 0.03 0.03 -0.11 0.67** 0.11
Zenkojikomugi 0.105 0.29 0.10 0.33 -0.24 0.07 -0.07 -0.35 -0.05
[Kanto and Tokai]
Tokai 80 0.194 -0.18 -0.13 0.25 0.17 0.24 0.02 0.54** 0.05
Ayahikari 0.192 -0.21 -0.46* 0.21 0.21 0.19 0.41* -0.41* -0.38*
Fukohokomugi 0.184 -0.17 -0.22 0.52** 0.44* 0.52** 0.24 0.21 -0.07
Tamaizumi 0.151 -0.32 -0.44* 0.42 0.26 0.43* 0.23 -0.16 -0.14
Kinuazuma 0.150 -0.26 -0.49** 0.31 0.24 0.30 0.43* -0.41* -0.41*
[Kinki and Chugoku]
Ushiokomugi 0.188 -0.30 -0.31 0.44* 0.27 0.48** 0.11 0.13 0.01
Fukuhonoka 0.168 -0.25 -0.50** 0.24 0.24 0.22 0.39 -0.40* -0.35
Fukusayaka 0.166 -0.29 -0.39 0.02 0.12 0.03 0.17 -0.42* -0.15
Igatikugooregon 0.105 0.29 0.10 0.33 -0.24 0.07 -0.07 -0.35 -0.05
[Kyushu]
Hiyokukomugi 0.216 0.03 -0.14 0.47* 0.13 0.32 0.11 -0.15 -0.07
Norin 61 0.206 -0.27 -0.26 0.44* 0.22 0.44 0.08 0.14 0.02
Nishikazekomugi0.173 -0.37 -0.44* 0.19 0.25 0.31 0.15 -0.15 -0.03
Gogatukomugi 0.166 -0.35 -0.47* 0.49** 0.30 0.50** 0.30 -0.14 -0.21
[other]
Yaru Waizen 0.04 0.50** 0.39* 0.22 -0.43* -0.10 -0.37 -0.27 0.23
KS831957 0.043 -0.15 -0.06 -0.65** 0.13 -0.36* 0.20 -0.05 -0.35
*: Significant at 5 % level. **: Significant at 1 % level.
1) 3:High, 5:Intermediate, 7:Low.
2) 3:Difficult, 5:Intermediate, 7:Easy.
3) 1:Spring habit, 5:Winter habit.
Table 5.  Correlations between agronomic characters and coefficient of parentage to a specific
           cultivar among Tozan lines.
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[Region]
    Cultivar
Milling score
Crude ash
content of 60%
flour
Crude protein
content of 60%
flour
L* vallue of
60% flour
a* vallue of
60% flour
b* vallue of
60% flour
[Hokkaido]
Hokushin 0.14 0.25 0.05 0.15 0.00 0.33
[Tohoku]
Norin27 0.24 0.33 -0.02 -0.18 0.33 0.23
Nanbukomugi 0.12 0.34 0.12 -0.04 0.03 0.43*
Sakyukomugi 0.20 0.35 0.06 -0.09 0.23 0.31
Yukitikara 0.14 0.34 0.14 -0.03 0.08 0.41*
Furutumasari 0.21 0.36 0.04 -0.16 0.32 0.24
[Hokuriku]
Hokuriku 49 0.05 -0.18 -0.05 0.20 0.03 -0.05
Yukichabo 0.05 -0.18 -0.06 0.21 0.03 -0.03
Zenkojikomugi 0.30 0.11 -0.07 -0.24 0.28 0.31
[Kanto and Tokai]
Tokai 80 0.12 -0.20 -0.33 0.23 0.18 -0.15
Ayahikari 0.24 -0.34 -0.12 -0.10 0.02 0.18
Fukohokomugi 0.18 0.11 -0.62** -0.09 0.23 0.02
Tamaizumi 0.22 -0.22 -0.48** 0.13 0.27 -0.12
Kinuazuma 0.27 -0.39 -0.21 -0.12 0.09 0.17
[Kinki and Chugoku]
Ushiokomugi 0.17 -0.12 -0.56** 0.14 0.29 -0.23
Fukuhonoka 0.24 -0.34 -0.20 -0.01 0.05 0.10
Fukusayaka 0.00 -0.25 -0.15 0.32 -0.06 -0.14
Igatikugooregon 0.30 0.11 -0.07 -0.24 0.28 0.31
[Kyusyu]
Hiyokukomugi 0.27 0.12 -0.45* -0.08 0.35 0.09
Norin 61 0.16 -0.10 -0.56** 0.15 0.29 -0.17
Nishikazekomugi 0.12 -0.27 -0.31 0.23 0.17 -0.40*
Gogatukomugi 0.26 -0.29 -0.53** 0.06 0.27 -0.07
[other]
Yaru Waizen 0.21 0.41 0.00 -0.14 0.33 0.19
KS831957 -0.72** 0.18 0.59** 0.08 0.06 -0.24
*: Significant at 5 % level. **: Significant at 1 % level.
Table 6. Correlations between flour quality and coefficient of parentage to a specific cultivar
           among Tozan lines.
- 24 -
correlation -0.41,-0.41, -0.40 and -0.42 was found for sprouting resistance in Ayahikari,( )
Kinuazuma, Fukuhonoka and Fukusayaka.
In Fukuhokomugi, Tamaizumi, Ushiokomugi, Hiyokukomugi, Norin 61 and Gogatukomugi,
the crude protein content of the 60% flour showed a significant negative correlation, -0.62, -0.48,
-0.56, -0.45, -0.56 and -0.53, respectively, though potential yield showed a significant positive
correlation, 0.52, 0.42, 0.44, 0.47, 0.44 and 0.49, respectively, with the coefficient of parentage. It
shows the difficulty of developing cultivars having both high yield and high quality. Though
Fukuhokomugi was a high yield cultivar and often used as a cross parent average coefficient of(
parentage was 0.184 , it did not produce a high protein cultivar. Only KS831957 showed a positive)
correlation 0.59 for crude protein content of 60% flour. It is used extensively as a cross parent( )
recently as a strong flour wheat, but a significant negative correlation -0.65 was found for( )
potential yield.
Mizuta and Yoshida 1996 showed that cultivars in Kyushu related to Asakazekomugi had( )
a low value of flour whiteness, showing that Asakazekomugi had a poor combining ability in quality
though it was a high-yield cultivar and often used as a cross parent there. Cultivars related to Kanto
107 had high maximum viscosity values. Cultivars related to Siroganekomugi had a high protein
content, showing that Kanto 107 and Siroganekomugi might have good combining ability for flour
quality. There seems to be no cultivar of Tozan lines used extensively as a cross parent for high
quality. No significant correlation with crude ash content, L* and a* value of 60% flour was found.
In general, Tozan lines related to earlier maturity cultivars had low over-wintering ability
and low grade of spring habit. Tozan lines related to high potential yield cultivars had a low protein
content of flour protein, and were not related to milling score. However, in comparison with cultivars
developed in Kyushu, there seem to be no specific cultivars in the Tozan lines used extensively as a
cross parent having significant influence to yield or flour quality as in the case of Koshihikari in rice
or Harunanijo in malting barley.
The author has already developed cultivars with early maturity, high winter habit and high
yield. Further efforts for developing cultivars with these characters and high over-wintering ability
are necessary. Generally, it is very difficult to develop cultivars with a high protein content, early
maturity and high yield. In this study, some cultivars were found to be potentially promising cross
parents for high flour quality, which could be used more extensively as a cross parent.
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In comparison with rice, the maximum generation traced in the pedigree and the number of
ancestors in the pedigree of wheat are far smaller, though total number of ancestors in the pedigree
of Tozan lines exceeded 100, showing that more aggressive and shortening of crossing interval might
be necessary. In addition to the haploid breeding method, gathering a lot of major genes with high
yield and high quality by conventional cross breeding method is necessary. Pedigree trees of modern
cultivars are very complicated and it is almost impossible to evaluate the performance and the
combining ability of the cultivar from the pedigree tree. Pedigree analysis conducted in this study
could assist constructing a more reasonable strategy for developing cultivars with higher yield and
higher quality.
Summary
Pedigree analysis was conducted for wheat cultivars developed at Nagano Agricultural
Experiment Station Tozan lines . For a recently released Tozan line, the maximum generation( )
traced in the pedigree, total number of ancestors in the pedigree and total number of ancestors
except common ones was 13, 222 and 94, respectively. Chunaga contributed 24.0 % of the genetic
background of Tozan lines. Seven ancestors, collectively, contributed 51.5% to the gene pool.
Hiyokukomugi had the highest mean coefficient of parentage to Tozan lines and the mean value was
0.216. Tozan lines more related to cultivars in the Tohoku region tended to be late heading and more
cold-tolerant. Tozan lines more related to Ayahikari or Kinuazuma tended to be early maturing.
Fukuhokomugi, which was a high yield cultivar and often used as a cross parent did not contribute
to high flour protein. KS831957 showed a positive effect on the crude protein content of flour. In
general, Tozan lines had no specific cultivars used extensively as a cross parent having significant
influence on yield or flour quality.
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Chapter 3
Haploid Breeding by MethodBulbosum
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HordeumIn haploid breeding method of wheat, F plants are wide-crossed with pollens of1
, maize, etc. All chromosomes of a pollen parent are eliminated during the development ofbulbosum
embryo, leaving only a haploid set of chromosomes from wheat. The haploid embryos are cultured
and doubled by colchicine or other means, giving complete homozygous plants immediately, instead
of several year's selfings to require for homozygosity by conventional breeding method.
In this chapter, method was applied.bulbosum
Hordeum bulbosum1. Utilization of Non-crossable Wheat Genotype with
( )Intergeneric cross was applied between wheat and methodHordeum bulbosum bulbosum
to a development of new cultivars. Haploid wheat is produced from the intergeneric cross between
wheat and Barclay, 1975 . appears to be sensitive to the action ofH. bulbosum H. bulbosum( )
dominant alleles at the wheat crossability genes Snape et al.,1979; Sitch et al.,1985 . Though( ) ( )Kr
most of the world's wheat cultivars have these alleles which reduce the frequency of fertilization in
wheat x , Inagaki and Snape 1986 reported that seven of eight Japanese cultivarsH. bulbosum ( )
examined were crossable with . Thus the author investigated whether Tozan lines hadH. bulbosum
the non-crossability gene and tried to develop new cultivars with the method.bulbosum
Materials and Methods
Tozan lines, from Tozan 1 Zenkoujikomugi to Tozan 21, were used as female male( )
parents in crosses. One clone (2n=4X=28), that was selected from the NaganoH. bulbosum
Agricultural Experiment Station collection nursery, was used in this study as a pollen source. It was
H .originally selected from induction number 55-347-28 of National Agriculture Research Center.
bulbs were transplanted in September and the seedlings were grown for more than onebulbosum
month in a cold chamber kept at 5-10 under an 8-hour photoperiod as a clone bank. Thereafter,℃
they were vernalized in a greenhouse kept at 5-10 under a 12-h photoperiod under artificial light℃
for eight weeks. Wheat seeds were seeded every other day from October to February and placed in
the above greenhouse for six weeks for vernalization. These plant materials after the vernalization
were grown in a greenhouse kept at a minimum temperature of 15 under natural day length℃
conditions from November to March and flowering occurred after 4 to 5 weeks.
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Two or three days before anthesis, the apical and basal spikelets of wheat, and all florets
except for the two outermost florets on the remaining spikelets were removed, and the remaining
florets were emasculated. Ten to fifteen spikes (approximately 200 florets) per replication were
pollinated with fresh pollens of tetraploid . These pollinated spikes with stems were cutH. bulbosum
at the middle of the third internode and covered with a vinyl bag. Leaf blades were removed. The
basal part of such detached spike was put into a conical beaker filled with culture solution described
below.
Spikes were cultured in the solution containing 10.0 mL L ethanol, 0.8 mL L sulfurous- 1 -1
acid (about 6% assay), 40 g L sucrose. One day after pollination, the spikes were sprayed with 75- 1
mg L gibberellic acid solution and transferred into a growth chamber controlled at 22 under a-1 ℃
12-h photoperiod under artificial light. The vinyl bag was replaced by a paper bag at this time.
Fourteen days after pollination, seed set was scored.
H. bulbosumF and F seeds derived from Fukuhokomugi which has the crossability with1 2
Inagaki and Snape 1982 / Tozan non-crossable lines with and B F seeds derived( ) H. bulbosum 1 1
from Fukuhokomugi / Tozan non-crossable lines // Fukuhokomugi were produced according to
breeding program of Nagano Agricultural Experiment Station. The wheat haploids were obtained
from the cross of these F and F plants with .1 2 H. bulbosum
Fourteen days after pollination with , seeds were collected andH. bulbosum
surface-sterilized in a test tube with 1% sodium hypochlorite solution for 10 minutes, and then with
80% ethyl alcohol solution for one minute. The embryos were isolated from the caryopses that grew
over two third of the glume length. Immature embryos were transferred on agar B medium in5
℃plastic petri dishes. The dishes were placed in a culture cabinet with 10 hour day length at 20/15
day/night under 3000 lux light intensity. The regenerated plants were treated with colchicine( )
solution at 4 weeks after culture.
Results and Discussion
The crossabilities of Tozan lines were shown in Table 7. Tozan 9, Tozan 10 and Tozan 14
were highly crossable and their percentage of florets from which embryo developed were 15%, 29%
and 25%, respectively. Eleven Tozan lines had middle crossability from 1% to 9% . Crossability of( )
F , F and B F was shown in Table 8. Fukuhokomugi produced embryos of 19.9% per florets but1 2 1 2
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Tozan 16 and Shiranekomugi Tozan 17 produced no seeds. F produced no plantlet, too. However,( ) 1
F derived from Fukuhokomugi / Tozan 16 and Fukuhokomugi / Shiranekomugi produced less2
haploid embryo than Fukuhokomugi with frequency of 10.2% and 7.2%, respectively, of florets, and
seed set with frequency of 2.9% and 3.4%, respectively, of florets. B F derived from Fukuhokomugi /1 1
Tozan 16 // Fukuhokomugi and Fukuhokomugi / Shiranekomugi // Fukuhokomugi produced haploid
embryo with frequency of 15.3% and 16.2%, respectively, of florets, and seed set with frequency of
7.5% and 8.4%, respectively, of florets. These results suggested that it was possible to develop new
cultivars with method.bulbosum
Tozan 1 Zenkojikomugi Mutation of Igatikugooregon 6
Tozan 2 Hokuriku41/Hokuriku22 3
Tozan 3 Zenkojikomugi/Igatikugooregon 0
Tozan 4 Norin61/Mikunikomugi 1
Tozan 5 Mikunikomugi/Sirasagikomugi 0
Tozan 6 Mikunikomugi/Norin27 0
Tozan 7 Mikunikomugi/Sirasagikomugi 8
Tozan 8 Mikunikomugi/Norin27 3
Tozan 9 Hokuriku49/Sakigakekomugi 15
Tozan 10 Ridet/Norin68 29
Tozan 11 Hokuriku49/Chugoku103 9
Tozan 12 Hokuriku49/Chugoku103 2
Tozan 13 Hokuriku49/Tokai80 2
Tozan 14 Hokuriku49/Sakigakekomugi 25
Tozan 15 Hokuriku49/Chugoku103 0
Tozan 16 Hokuriku49/Tokai80 0
Tozan 17 Siranekomugi Hokuriku49/Tokai80 0
Tozan 18 Hokuriku49/Tokai80 6
Tozan 19 Mikunikomugi/Chugoku114 1
Tozan 20 Tozankeisyo47/Sakigakekomugi 0
Tozan 21 Kanto85/Tozan6 4
    Table 7.  Frequency of haploid embryo production in the cross Tozan limes
               /  H. bulbosum .
Breeding lines Cultivars Cross parents
Percentage of
florets with
haploid embryo
- 30 -
Wheat No. of floretspollinated
Percentage of
florets from
which haploid
plants developed
Percentage of
florets from which
doubled haploid
seeds set
(%) (%) (%)
Parent
Fukuhokomugi 331 66 (19.9)
Tozan 16 106 0 (0)
Shiranekomugi 136 0 (0)
F1
Fukuhokomugi / Tozan16 605 1 (0.2) (0.2) (0)
Fukuhokomugi / Shiranekomugi 495 0 (0) (0) (0)
F2
Fukuhokomugi / Tozan16 2143 219 (10.2) (4.0) (2.9)
Fukuhokomugi / Shiranekomugi 1384 100 (7.2) (4.0) (3.4)
B1F 1
Fukuhokomugi / Tozan16
// F ukuhokomugi 2899 444 (15.3) (7.6) (7.5)
Fukuhokomugi / Shiranekomugi
//Fukuhok omugi 3010 489 (16.2) (10.1) (8.4)
Table 8. Frequency of haploid production in the cross, wheat cultivars 'Fukuhokomugi',
            'Tozan 16', 'Shiranekomugi',  F1,  F2, and B1F1 /  H. bulbosum.
No. of florets with
embryos formed
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2. Effect of 2,4-Dichlorophenoxyacetic Acid on the Efficiency of Wheat Haploid Production
For haploid breeding, wheat plants had been pollinated with some Gramineae species:
(Barclay, 1975), maize ( L.) (Laurie and Bennett, 1988), pearl milletHordeum bulbosum Zea mays
( L.) (Ahmad and Comeau, 1990), teosinte ( ssp. )Pennisetum americanum Zea mays mexicana
(Ushiyama et al., 1991) and sorghum ( L.) (Ohkawa et al., 1992). Treatment withSorghum bicolor
H.2,4-D at a concentration of 100 mg L increased embryo formation in crosses of wheat x-1
(Inagaki, 1986) and wheat x maize (Suenaga, 1990). However, the concentration of 2,4-Dbulbosum
suitable for embryo development and the production of haploid wheat has not been determined. The
action of alleles cannot prevent embryo formation in the presence of 2,4-D treatment when maizeKr
is used as the male parent (Laurie and Bennett, 1987, 1988; Suenaga and Nakajima, 1989).
On the other hand, in crosses of wheat x , haploid embryos were formed andH. bulbosum
developed into plants in the absence of 2,4-D although a few haploid plants if any were obtained
from the crosses between wheat cultivars having allele (s) (Snape et al., 1979, 1980; Sitch et al.,Kr
1985). In this section, the author describes the effects of 2,4-D on the growth of the haploid embryos
and their development into plantlets in method.bulbosum
Materials and Methods
(2n=4X=28) described in the previous section was used in this study as aH. bulbosum
pollen source. Two Japanese wheat cultivars, Nishikazekomugi and Zenkojikomugi, were used as
female parents. When these two cultivars were crossed with in the absence ofH. bulbosum
treatment with 2,4-D, the frequencies of plant development from the embryos markedly differed
with the cultivar; 19.0% in Nishikazekomugi and 2.8% in Zenkojikomugi Ushiyama et al., 1990).(
Crosses described in the previous section were carried out three times (the first in January
1990, the second in March 1990 and the third in January 1991), except pollinated spikes were
cultured in the solution containing 10.0 mL L ethanol, 0.8 mL L sulfurous acid (about 6% assay),-1 -1
40 g L sucrose and 2,4-D at 0, 25, 50, 75, 100, 125, 150, and 175 mg L .-1 -1
Embryo sizes (maximum length) were measured in the second and the third experiments.
The number of plants developed was counted one month after embryo rescue.
The frequency of seed setting, embryo formation, and the percentages of embryos and
florets developing into plantlets were measured in every replication. All the percentages were
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calculated by arcsine square root transformation. The data were subjected to analysis of variance as
the general two-factor experiment for every parameter and subjected to Duncan's multiple range
tests using the result shown by the analysis of variance.
The size of the embryo at two weeks after pollination was determined and classified
according to the capability of developing into a plantlet into two categories, i.e., embryos developing
and those not developing into plants. Mean lengths of embryos were calculated as the average of
the two replications. Embryo sizes in each category and each cultivar were subjected to one-way
analysis of variance and subjected to Duncan's multiple range tests using the result of the analysis
of variance. The difference between the mean lengths of embryos in the two cultivars was analyzed
by the -test.t
Results
Table 9 shows the effects of the treatment with 2,4-D on haploid production in the two
wheat cultivars, Nishikazekomugi and Zenkojikomugi, crossed with . Table 10 showsH. bulbosum
the results of the analyses of variance.
1 Frequency of seed setting)
In the absence of 2,4-D, the percentage of seed setting in the pollinated florets was 29.1 and
11.1% in Nishikazekomugi and Zenkojikomugi, respectively, and 2.4-D treatment increased the
percentage Table 9 . The analysis of variance showed a significant difference at 0.1% level among( )
the treatments with 2,4-D at various concentrations, but no significant difference between the wheat
genotypes Table 10 . Analysis using Duncan's multiple range tests showed that the percentage of( )
seed setting was significantly increased by the treatment with 2,4-D at 50 mg L or higher-1
concentrations in both cultivars Table 9 .( )
In the cross of Nishikazekomugi x , the percentage of seed setting wasH. bulbosum
increased to 77.8% by the treatment with 125 mg L 2,4-D, but further increase in 2,4-D-1
concentration had only a slight effect. In Zenkojikomugi x , the percentage of seedH. bulbosum
setting was increased to 75.7% by the treatment with 2,4-D at 100 mg L 2,4-D, and further- 1
increase in the concentration hardly increased the percentage.
- 33 -
Wheat Concen- No. of
cultivar tration florets
  of 2,4-D pollinated
 (mg L-1) (%) (%) (%) (%)
Nishikazekomugi
0 734 199 (29.1) de 1) 143 (21.1) 121 (85.9) a 1) (17.8) abc 1)
25 800 312 (44.9) bcd 206 (28.6) 160 (79.7) ab (23.0) ab
50 620 371 (58.8) abc 176 (28.2) 141 (81.7) ab (22.7) ab
75 466 315 (67.5) ab 141 (31.8) 110 (77.1) ab (24.6) ab
100 540 393 (72.6) ab 221 (42.5) 152 (67.9) abc (29.4) a
125 544 426 (77.8) a 174 (31.9) 65 (38.7) de (12.0) bcd
150 540 425 (78.9) a 146 (26.0) 34 (22.4) ef (6.0) def
175 496 396 (76.8) a 182 (33.8) 22 (8.9) f (3.7) ef
Zenkojikomugi
0 620 70 (11.1) e 51 (8.0) 33 (61.8) bcd (5.1) def
25 478 187 (38.5) cd 72 (15.8) 40 (53.2) de (8.9) cde
50 574 348 (61.0) abc 89 (15.4) 40 (43.7) cd (6.9) def
75 578 365 (62.9) abc 96 (16.6) 49 (53.4) cd (8.6) cde
100 812 617 (75.7) a 168 (20.8) 68 (41.0) de (8.4) cde
125 688 507 (74.0) a 84 (11.9) 12 (14.1) f (1.7) ef
150 740 586 (78.8) a 83 (13.1) 9 (12.1) f (1.4) f
175 672 498 (75.2) a 97 (15.4) 8 (7.9) f (1.1) f
1) Percentages followed by same letters in each column are not significantly different
    at the 5% probability level by Duncan's multiple range test with arcsine transformed data .
Table 9. Frequency of haploid production in the cross, wheat cultivars 'Nishikazekomugi'
           and 'Zenkojikomugi' x H. bulbosum after treatment with 2,4-D at various concentrations.
Percentage of florets
 from which haploid
  No. of 
  seeded florets
 plants developedformed
No. of embryos
developing into
haploid plants
No. of florets
with embryos
Source
of df
variation
2,4-D treatments 7 1027.646 *** 75.923 1727.536 *** 252.023 **
Wheat cultivars 1 80.920 1493.078 *** 2326.353 *** 1473.831 ***
Interactions 7 34.587 7.102 86.004 24.509
Error 32 92.533 41.605 52.636 25.740
Frequencies(%) are calculated after transformed to angles.
** and *** indicate significant difference at the 1% and 0.1% level of probability, respectively.
Mean
square
   Percentage of
embryos developing
into plants
Mean Mean
square
Percentage of 
seed setting
Mean
square square
Percentage
of embryo
formation
Table 10. Analysis of variance for the frequency of haploid production in two wheat cultivars
            / H. bulbosum .
   Percentage of
 florets developing
into haploid plants
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2 Frequency of embryo formation)
The percentage of florets that formed embryos was significantly higher in Nishikazekomugi
than in Zenkojikomugi p 0.001 Tables 9 and 10 . On the other hand, the difference in the( < ) ( )
frequencies of embryo formation among the 2,4-D treatments at various concentrations was not
significant. The highest percentage of embryo formation was observed in the florets on the spikes
treated with 100 mg L 2,4-D in both cultivars 42.5% in Nishikazekomugi and 20.8% in-1 (
Zenkojikomugi and the percentage tended to decrease at higher concentrations of 2,4-D Table 9 .) ( )
3 Frequency of plant development)
Significant variation at the 0.1% level in the percentage of embryos developing into
plantlets was observed among the 2,4-D treatments at various concentrations Table 10 . The( )
percentage in the absence of 2,4-D was 85.9% in Nishikazekomugi and 61.8% in Zenkojikomugi, and
the percentage tended to decrease as the concentration of 2,4-D increased Table 9 . When the( )
concentration of 2,4-D was increased from 100 to 175 mg L , the percentage of embryos developing-1
into plantlets markedly decreased from 67.9% to 8.9% in Nishikazekomugi and from 41.0% to 7.9%
in Zenkojikomugi.
The percentage of florets developing into plantlets significantly varied with the
concentration of 2,4-D, at 0.1% level Table 10 . The percentage was slightly increased by the( )
treatment with 100 mg L 2,4-D, from 17.8 to 29.4% in Nishikazekomugi and from 5.1 to 8.4% in-1
Zenkojikomugi. However, the treatment with 2,4-D at 125 mg L or higher concentrations-1
significantly decreased the percentage of florets developing into plantlets.
The percentages of embryos and florets developing into plantlets were significantly higher
in Nishikazekomugi than in Zenkojikomugi p 0.001 Table 10 . Duncan's multiple range tests( < ) ( )
showed that the percentage of embryos or florets developing into plantlets was significantly higher
in Nishikazekomugi than in Zenkojikomugi after the treatment with 2,4-D at the concentrations
lower than 125 mg L .-1
4 Embryo size)
Table 11 shows the relationship between the size and the ability to develop into plantlets of
embryos. Analysis of variance for the size of embryo developing and not developing into plantlets in
Nishikazekomugi showed significant difference among 2,4-D treatments at various concentrations
M.S. = 22.66, p 0.001 and M.S.=5.40, p <0.001). There were also significant differences in embryo( <
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size among 2,4-D treatments in Zenkojikomugi (for embryos developing into plants, M.S.=3.89, p
<0.01, and for those not developing into plants, M.S.=10.63, p <0.01).
  Embryos developing Embryos not developing
Concentration     into plants     into plants
of 2,4-D Number      Mean  Number      Mean
  of     length   of     length 
(mg L-1) embryos     (a) (mm) embryos     (b) (mm)
Nishikazekomugi
0 81 1.87 a 1) 13 1.36 a 1) ***
25 111 1.82 a 13 1.26 ab ***
50 87 1.46 c 14 1.28 ab *
75 77 1.53 b 18 1.42 a
100 92 1.45 cd 49 1.11 bc ***
125 41 1.30 d 54 1.10 bc *
150 30 1.45 cd 96 1.14 bc ***
175 22 1.21 e 139 1.04 d ***
Zenkojikomugi
0 10 1.61 a 12 1.32 bc *
25 19 1.62 a 20 1.54 a
50 29 1.48 ab 34 1.39 ab
75 35 1.24 bc 21 1.18 cd
100 48 1.26 bc 75 1.13 de *
125 10 0.94 c 59 1.00 de
150 6 1.18 bc 60 0.97 e
175 3 1.04 c 57 0.93 e
*,** and *** indicate significant differences between (a)and (b) at the 5%,1% and 0.1% 
levels of probability, respectively by t-test between two wheat cultivars at every concentration.
1) Values followed by same letters in each column and each wheat cultivar are not significantly
   different at the 5% level of probability by Duncan's multiple range test.
Analysis of variance for the size of embryos developing into plants :
 M.S.=3.24(7df), V.R.=24.96, p<0.001.
Analysis of variance for the size of embryos not developing into plants:
 M.S.=0.56(7df), V.R.=5.19, p<0.001.
  Table 11. Mean length of embryos in two wheat cultivars at two weeks after pollination
               with H. bulbosum .
Wheat
cultivar
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Duncan's multiple range tests showed that the sizes of embryos developing into plantlets in
the florets treated with 2,4-D at the concentration above 50 mg L in Nishikazekomugi and above 75- 1
mg L in Zenkojikomugi were smaller (p <0.05) than those without 2,4-D treatment; 1.87 mm and-1
1.61 mm in Nishikazekomugi and Zenkojikomugi, respectively. The treatment with 2,4-D at a
concentration above 75 mg L also reduced the sizes of embryos not developing into plants.-1
In Nishikazekomugi, the size of embryos developing into plants was significantly larger
than that of embryos not developing into plants except for the florets on the spikes treated with 75
mg L 2,4-D. On the other hand, in Zenkojikomugi, there was no difference in size between embryos-1
developing and not developing into plants, except for those formed on the spikes treated with 0
(control) and 100 mg L 2,4-D.-1
Discussion
Marshall et al.(1983) indicated that application of 2,4-D to ovules increased ovule size in
wheat (cv. Cook). Inagaki (1986) showed that the injection of 100 mg L 2,4-D into the culm-1
internode significantly increased the frequencies of seed setting in the crosses of two wheat cultivars
(Fukuhokomugi and Haruhikari) with . In the present study, the treatment with 2,4-DH. bulbosum
at 50 mg L to 175 mg L increased the percentage of seed setting.-1 -1
Thus, it is clear that seed setting is promoted by treating spikes with 2,4-D. The two wheat
cultivars, Nishikazekomugi and Zenkojikomugi, used in this work did not show significant
differences in the frequency of seed setting at all 2,4-D concentrations tested. On the other hand,
Inagaki (1986) indicated that the frequency of seed setting in Fukuhokomugi (87.9%) was much
higher than that in Haruhikari (2.5 %) when crossed with . This discrepancy may beH. bulbosum
due to the difference in the method of treatment with 2,4-D and/or in the wheat cultivars.
Inagaki 1986 reported that the treatment with 100 mg L 2,4-D significantly increased( ) -1
H.the frequency of embryo formation in the cross of a crossable cultivar Fukuhokomugi with
, but only slightly in the cross of non-crossable cultivar Haruhikari with . Inbulbosum H. bulbosum
the present experiment, although there were no significant differences among the frequencies of
embryo formation in the florets treated with various concentrations of 2,4-D, the highest frequency
was observed by the treatment with 2,4-D at 100 mg L .-1
However, the treatment with 2,4-D in this study did not reduce the difference between the
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two wheat cultivars crossed with in the percentage of embryos developing intoH. bulbosum
plantlets. Therefore, it is likely that embryo formation was stimulated by 2,4-D treatment through
increased number of seeds. In addition, Suenaga 1990 showed that treatment with 10 and 1000( )
mg L 2,4-D affected the frequency of embryo formation only slightly but that with 100 mg L 2,4-D-1 -1
greatly increased the frequency, in wheat x maize crosses.
Furusho et al. 1991 reported that 2,4-D at 75 mg L was most effective for obtaining the( ) -1
embryos and plantlets, and that of 50 mg L and 100 mg L was less effective. In previous reports,- 1 -1
it was not stated whether or not the treatment with 2,4-D had significant effect on the development
of haploid wheat embryos into plantlets. In the present work, however, the treatment with 2,4-D at
higher than 125 mg L clearly reduced the percentage of embryos developing into plantlets,-1
although the effect of 2,4-D at a concentration below 100 mg L was not significant.-1
Inagaki 1985 reported that the optimum size of wheat haploid embryo for plant( )
development was 1.4 mm in length at two weeks after pollination , and 96.6% of such embryos( )
developed into plantlets at three weeks after pollination in the absence of 2,4-D. When the embryo
size became larger 2.28 mm , the frequency of plant development was lower 16.6% . Sitch and( ) ( )
Snape 1986b reported that embryos developing into haploid plantlets in the absence of 2,4-D were( )
1.19 mm in length on the average, and those failed to develop into plantlets and those formed calli
were 0.61 and 0.67 mm in mean length, respectively.
In the present investigation, the embryos including those capable and incapable of
developing into plantlets had a mean length between 1.87 and 0.93 mm, which were smaller than
the overgrowing embryos 2.28 mm Inagaki 1985 and larger than the embryos immature for the( ) ( )
embryo culture 0.61 or 0.67 mm Sitch and Snape, 1986b . Therefore, the treatment with 2,4-D is( ) ( )
considered to inhibit the growth of embryos.
In conclusion, above three factors frequency of seed setting, embryo formation and(
development of embryo into plantlets play important roles in the production of haploid plants. The)
examination of these factors is indispensable to plan the DH production for wheat breeding.
Although it is not known whether or not 2,4-D treatment has an effect on the crossabilities in
intergeneric crosses between wheat and , this study revealed that 2,4-D treatment atH. bulbosum
the concentration of 100 mg L or lower had a promotive effect on the wheat haploid production.-1
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Summary
Tozan lines having non-crossability gene were crossed with . Fourteen( )Kr H. bulbosum
lines of 21 Tozan lines were able to produce haploid embryo. In F and B F derived from crossable2 1 2
and non-crossable parents, seeds were set with frequency from 2.9% to 8.4%, suggesting the possible
use of method. 2,4-D was added in the culture solution at the various concentrations. Thebulbosum
percentages of florets with seeds set and with embryos formed were increased by increasing the
concentration of 2,4-D up to 100 mg L . The percentage of florets from which haploid plantlets were-1
developed was slightly increased by the treatment with 25-100 mg L 2,4-D, but significantly-1
reduced by 125-175 mg L 2,4-D. It is suggested that treatment with 2,4 D at 25 - 100 mg L was-1 -1-
effective for haploid wheat production.
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Chapter 4.
Haploid Breeding by Maize Method
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In this chapter, author examined maize method for haploid breeding of wheat.
1. Effect of Phytohormones on Haploid Production
In this section, the effect of 2,4-D and other phytohormones on the embryo formation and
haploid plant regeneration in the maize method was investigate.
Materials and Methods
An F hybrid of maize, Pioneer P80 Lisa, which heads early in a greenhouse in winter and1
has a high capacity of haploid production in the crosses with wheat (Ushiyama et al., 1991), was
used in this study as a pollen source. The Japanese wheat cultivar, Zenkojikomugi, which showed a
medium frequency of haploid production in the crosses of wheat x maize and wheat x ,H. bulbosum
was used as a female parent. Wheat and maize were seeded every other day from September to
February. The maize seedlings were grown in a greenhouse kept at the minimum temperature of 20
. For haploid wheat cultivation, the author used intergeneric crossing and embryo culture followed℃
by the previous chapter.
The experiment to determine useful phytohormones was carried out in November and
December 1990. After pollination, detached spikes were cultured in the solution, containing 10 mg
L ethanol, 0.05% sulfurous acid, 40 g L sucrose and various phytohormones, i.e., 2,4-D,-1 -1
naphthalene acetic acid (NAA), indole acetic acid (IAA), kinetin and 6-benzylaminopurine(BA) at
various concentrations. Unpollinated spikes were also cultured in the above solution excluding the
solutions containing IAA, kinetin and BA. The numbers of seeded florets, florets with embryos
formed and florets with regenerated plantlets were counted for every spike. These numbers were
compared between treated and untreated plots by the -test.t
Results
Table 12 shows the percentages of seeded florets, florets with embryos formed and florets
from which haploid plants developed in the pollinated spikes of the crosses of wheat x maize treated
with 2,4-D, NAA, IAA, kinetin and BA at various concentrations. At a concentration of 10 and 100
mg L , 2,4-D significantly increased the percentage of seeded florets to 15.2% and 73.0%,-1
respectively (3.1% in the control).
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Phyto- Concent- No. of
hormone ration florets
    (mg L-1) pollinated
% % %
pollinated
Control 0.0 286 9 (3.1) 1 (0.3) 1 (0.3)
2,4-D 0.1 234 10 (4.3) 1 (0.4) 1 (0.4)
2,4-D 1.0 254 6 (2.4) 2 (0.8) 1 (0.4)
2,4-D 10.0 244 37 (15.2) * 7 (2.9) 1 (0.4)
2,4-D 100.0 222 162 (73.0) *** 48 (21.6) *** 19 (8.6) ***
2,4-D 1000.0 214 0 (0.0) ** - -
NAA 0.1 222 0 (0.0) * - -
NAA 1.0 232 0 (0.0) * - -
NAA 10.0 224 0 (0.0) * - -
NAA 100.0 224 2 (0.9) 0 (0.0) -
NAA 1000.0 204 34 (16.7) 7 (3.4) 5 (2.5)
IAA 0.1 240 2 (0.8) 0 (0.0) -
IAA 1.0 262 5 (1.9) 3 (1.1) 1 (0.4)
IAA 10.0 228 2 (0.9) 1 (0.4) 0 (0.0)
IAA 100.0 228 9 (3.9) 2 (0.9) 0 (0.0)
Kinetin 0.1 226 3 (1.3) 1 (0.4) 1 (0.4)
Kinetin 1.0 220 4 (1.8) 2 (0.9) 0 (0.0)
Kinetin 10.0 220 4 (1.8) 2 (0.9) 2 (0.9)
Kinetin 100.0 218 2 (0.9) 0 (0.0) -
BA 0.1 230 1 (0.4) * 0 (0.0) -
BA 1.0 236 3 (1.3) 1 (0.4) 1 (0.4)
BA 10.0 264 4 (1.5) 1 (0.4) 1 (0.4)
BA 100.0 300 0 (0.0) ** - -
BA 1000.0 248 0 (0.0) ** - -
 unpollinated
Control 0.0 206 0 (0.0) - -
2,4-D 0.1 220 0 (0.0) - -
2,4-D 1.0 214 0 (0.0) - -
2,4-D 10.0 202 46 (22.8) *** 0 (0.0) -
2,4-D 100.0 216 120 (55.6) *** 0 (0.0) -
2,4-D 1000.0 248 0 (0.0) - -
NAA 0.1 208 0 (0.0) - -
NAA 1.0 215 0 (0.0) - -
NAA 10.0 228 0 (0.0) - -
NAA 100.0 200 0 (0.0) - -
NAA 1000.0 220 10 (4.5) 0 (0.0) -
Controls indicated that detached spikes were cultured in the medium without phytohormone.
*, ** and *** indicates significant difference from the control at 5, 1 and 0.1% levels probability, respectively,
by t -test with arcsine transformed data.
Table 12. Frequencies of haploid production in the crosses of wheat cultivar Zenkojikomugi x maize cultivar
             Pioneer P80 Lisa treated with phytohormones at various concentrations.
  No. of  No. of florets with
embryos formed
No. of florets with
haploid plantlets  seededflorets
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The percentage of seeded florets after treatment with other phytohormones were not higher
than that in the untreated control. The percentages of florets with embryos formed and that with
haploid plants developed, significantly increased by the treatment with 2,4-D at 100 mg L (21.6%-1
and 8.6%, respectively) in comparison with the control (0.3% and 0.3%, respectively). In the spikes
without pollination, 2,4-D treatments at 10 and 100 mg L significantly increased the percentage of-1
seeded florets (22.8% and 55.6%), compared with untreated control (0.0%).
Spikes treated with 1000 mg L NAA set some seeds but the difference of the percentage of-1
seeded florets was not significantly different from that in the control. However, seeds formed in the
unpollinated florets had no embryo. This indicates that the treatment with various phytohormones
induces parthenogenesis.
Discussion
The results showed that 2,4-D was more useful for haploid wheat production than either
NAA, IAA, kinetin or BA. In the crosses of wheat x maize, the high embryo recovery by 2,4-D
treatment was already reported (Kisana et al., 1993; Laurie and Bennett, 1988; Riera-Lizarazu and
Mujeeb-Kazi, 1990; Suenaga and Nakajima, 1989). In addition, the present results indicated that
2,4-D and NAA, namely synthetic auxin, might be more effective for haploid wheat production than
cytokinin.
2. Optimum Concentration of 2,4-Dichlorophenoxyacetic Acid for Wheat Haploid
Production
In the crosses of wheat x maize, 2,4-D treatment promoted seed setting and embryo
formation (Kisana et al., 1993; Laurie and Bennett, 1988; Riera-Lizarazu and Mujeeb-Kazi, 1990;
Suenaga and Nakajima 1989), but the optimum concentration of 2,4-D for embryo differentiation
and the production of haploid wheat have not been determined. In this section, the author
determined the optimum concentration of 2,4-D on the embryo formation and haploid plant
regeneration in the wheat x maize crosses.
Materials and Methods
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Wheat and maize were prepared as in previous sections. To determine the optimum
concentration of phytohormones for the haploid production, the author conducted the following
experiment twice in January 1991. The numbers of seeded florets, florets with embryos and plantlets
regenerated per embryo and per floret were counted. These data were transformed by arcsine
square root transformation and subjected to analysis of variance. The mean length of embryos was
measured two weeks after pollination and subjected to analysis of variance.
Results
Table 13 shows the frequency of haploid production in the crosses of Zenkojikomugi x
Pioneer P80 Lisa treated with 2,4-D at various concentrations.
Table 14 shows the results of the analyses of variance of these data. Differences among
2,4-D concentrations in the percentages of seeded florets, florets with embryos formed, and florets
with haploid plants developed, were significant at the 1 or 0.1% level (Table 14).
The percentages of seeded florets in the spikes treated with 2,4,D at the concentrations of
125 and 150 mg L , were 86.5% and 83.7%, respectively, and significantly higher ( <0.05) than- 1 p
those at the other concentrations (0.0% to 60.2%) by Duncan's multiple range test. The percentage of
seeded florets increased with increasing concentration of 2,4-D up to 125 mg L 2,4-D, but decreased- 1
at higher concentrations. The percentage of florets with embryos formed was significantly increased
by 2,4-D at the concentration of 25 to 200 mg L .- 1
Analysis of variance for embryo size at two weeks after pollination showed that the embryo
size was significantly influenced by the concentration of 2,4-D at the 0.1% level. The mean length of
the embryo in the spikes treated with at 50 mg L 2,4-D was longer than that at the other-1
concentrations. The percentage of embryos developed into haploid plants was not significantly
influenced by the concentration of 2,4-D (Table 14). The percentages of florets with haploid plants
developed was significantly influenced by the concentration of 2,4-D (Table 13), and was the highest
(10.2%) at 50 mg L . The treatments with 2,4-D at the concentrations from 25 to 150 mg L (3.8% to-1 -1
10.2%) significantly increased haploid production compared with the untreated control and the
treatments at other concentrations of 2,4-D (0% to 1.0%).
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%  f r e q u e n c i e s  w e r e  t h e  a v e r a g e  o f  t w o  r e p l i c a t e d  e x p e r i m e n t s .
1 )  i n d i c a t e s  f r e q u e n c y  o f  e m b r y o  f o r m a t i o n  p e r  f l o r e t .
2 )  i n d i c a t e s  p e r c e n t a g e  o f  e m b r y o s  d e v e l o p i n g  i n t o  h a p l o i d  p l a n t s .
3 )  i n d i c a t e s  p e r c e n t a g e  o f  f l o r e t s  d e v e l o p i n g  i n t o  h a p l o i d  p l a n t s .
4 )  V a l u e s  h a v i n g  t h e  s a m e  l e t t e r  i n  e a c h  c o l u m n  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t
   a t  t h e  5 %  p r o b a b i l i t y  l e v e l  b y  D u n c a n ' s  m u l t i p l e  r a n g e  t e s t  w i t h  a r c s i n e  t r a n s f o r m e d  d a t a .
T a b l e  1 3 .  P e r c e n t a g e s  o f  f l o r e t s  t h a t  f o r m e d  s e e d s ,  e m b r y o s  a n d  h a p l o i d  p l a n t l e t s  i n  t h e
             c r o s s e s  o f  w h e a t  c u l t i v a r  Z e n k o j i k o m u g i  x  m a i z e  c u l t i v a r  P i o n e e r  P 8 0  L i s a
             t r e a t e d  w i t h  2 , 4 - D  a t  v a r i o u s  c o n c e n t r a t i o n s .
N o .  o f
f l o r e t s
p o l l i n a t e d
N o .  o f  s e e d e d
f l o r e t s
N o .  o f  f l o r e t s
w i t h  e m b r y o s
f o r m e d
M e a n
l e n g t h  o f
e m b r y o s
N o .  o f  f l o r e t s  w i t h  h a p l o i d
p l a n t l e t s
Table 14. Analysis of variance of the haploid production.
9 1114.70 *** 9 157.71 ** 7 1.31 ** 8 858.43 9 90.15 ***
Replications 1 26.32 1 16.25 1 173.18 1 21.91
Error 9 37.81 9 19.46 249 0.12 8 556.61 9 8.69
Data of 2,4-D concentrations were subjected to an arcsin square root transformation.
** and *** indicates significance at the 1 and 0.1% level of probability, respectively.
df Meansquare
2,4-D
treatments
Percentage of
embryos
developing
into haploid
plants
Percentage
of embryos
with haploid
plantlets
df Meansquare df
Mean
square df
Mean
square df
Mean
square
Source of
variation Percentage of
seeded florets
 Percentage of
embryos
formed
Mean length
of embryos
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Discussion
In the previous experiments using wheat x maize crosses, the promotive effect of 2,4-D
treatment on the plant regeneration from haploid wheat embryo was not clear. In this study, the
frequency of plant regeneration was significantly increased by the treatment with 100 mg L 2,4-D.-1
The embryo development was inhibited by the treatment with over 50 mg L 2,4-D. In the crosses of-1
wheat x , similar results was observed in the previous section, which pointed out thatH. bulbosum
the treatment with 2,4-D at the concentration of 100 mg L or less was effective for haploid wheat-1
production while it reduced embryos sizes and arrested embryo development into plant. However,
the mechanism of the effect of 2,4-D was not elucidated. The treatment with 2,4-D at 50 mg L was-1
most effective for the development of the embryo into the plant and the increase of embryo size, and
that at 100 mg L for haploid production. The optimum concentration of 2,4-D for seed setting was-1
125 150 mg L .- - 1
3. Concentration of 2,4-Dichlorophenoxyacetic Acid in the Spikes
In this section, the author determined the optimum concentration of 2,4-D in the spikes on
the embryo formation and haploid plant regeneration in the wheat x maize crosses.
Materials and Methods
The concentration of 2,4-D in the fresh weight of spikes produced above study was
measured (Goto and Kato 1980) by gas chromatography (Shimadzu GC-8A) in March 1991. Five
spikes were collected after each treatment with 2,4-D and divided into two parts, i.e., seeds and the
other parts (glumes and rachis). The data were transformed and subjected to analysis of variance.
Results
Table 15 shows the concentrations of 2,4-D in the seed and glumes + rachis on the spikes treated
with 50, 100 and 150 mgL . Table 16 shows the results of the analysis of variance of the data. The- 1
concentration of 2,4-D in the spikes significantly differed both with the 2,4-D concentration in the
medium for spikelet culture and among the parts of the spikes. The concentration of 2,4-D in the
seed on the spikes treated with 50 mg L 2,4-D (1.15 ppm) was significantly lower than that treated-1
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with 100 and 150 mg L 2,4-D (9.24 and 6.55 ppm, respectively). However, the concentration of-1
2,4-D in the glumes and rachides on the spikes treated with 2,4-D 150 mg L (41.55 ppm), was-1
significantly higher than that treated with 50 mg L 2,4-D (5.53 ppm) and 100 mg L 2,4-D (12.72-1 -1
ppm).
glumes + rachides
mg L-1 wt ppm wt ppm
50 1.15 b 1) 5.53 b 1)
100 9.24 a 12.72 b
150 6.55 a 41.55 a
1) means having the same letter in each column are not
significantly different at the 5% probability level by Duncan's
multiple range test.
Table 15. Concentration of absorbed 2,4-D in the parts of
             wheat spikes in the cross, wheat cultivar
             Zenkojikomugi x maize cultivar Pioneer P80 Lisa.
2,4-D
concentration
in the medium
Concentration of 2,4-D in spikes
seeds
2,4-D treatment (T) 2 658.1 ***
Parts of spikes (P) 1 873.5 ***
T x P 2 286.4
Error 18 50.5
Data of 2,4-D concentrations were subjected to an
arcsin square root transformation.
*** indicates significance at the 0.1% level of
probability.
Table 16. Analysis of variance of the concentration
             of 2,4-D in the spikes of wheat.
Souece of variation df Mean square
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Discussion
The author measured the concentration of 2,4-D in the spike treated with 2,4-D at different
concentrations. The increase of the concentration of 2,4-D beyond 100 mg L up to 150 mg L did not- 1 -1
increase the concentration of 2,4-D in the seed, but increased the concentration of 2,4-D in the
glumes and rachis. Maddock et al. (1983) reported that 1.0 mg L 2,4-D was optimum for induction-1
of shoot development in cultured immature embryos, and 5 mg L 2,4-D decreased the percentage of-1
shoot-forming calli, though it increased callus growth.
-1In this study, the concentration of 2,4-D in the seed on the spikes treated with 50 mg L
2,4-D was 1.15 ppm, and embryo development was increased under this condition. 2,4-D in the seed
at a concentration higher than 6.55 ppm may inhibit the normal activity of the embryo though it
increased seed setting. Riera-Lizarazu and Mujeeb-Kazi (1990) pointed out that the rate of embryo
recovery was higher in the detached spikes cultured in the medium containing 2,4-D than in the
tiller injected with 2,4-D solution and in the floret sprayed with 2,4-D. 2,4-D presumably stimulated
the development in immature florets development a few days after pollination.
The concentrations of 2,4-D in the seeds reached 5 ppm earlier on the spikes treated with
150 mg L 2,4-D than with 100 mg L 2,4-D. Some seeds without embryo were also set by the- 1 -1
treatments with 2,4-D (10 and 100 mg L ) and NAA (1000 mg L ) in emasculated florets. The-1 -1
frequencies of seed setting in the unpollinated florets treated with these phytohormones paralleled
those in the pollinated spikes. Marshall et al. (1983) reported that the application of a single drop of
80 mg L or 160 mg L 2,4-D solution to them increased the size of seeds, and Inagaki (1986)- 1 -1
reported that 70.2% of the unpollinated florets set seeds without embryos when the culms were
injected with 1000 ppm 2,4-D. Falk and Kasha (1982) reported that the unpollinated spikes sprayed
with 0.1 and 1.0 mg L IAA did not set seeds. The above study investigated the influence of various-1
concentrations of 2,4-D on the production with wheat haploid and pointed out that the treatment
with 2,4-D at 125 to 175 mg L increased the percentage of the seed setting, but reduced the-1
formation and development of the embryo.
Therefore, it appears that the promoting effect of 2,4-D and NAA on seed setting is not
reflected in fertilization and embryo development. The percentage of seeded florets without embryos
formed was low, but that of florets with embryos formed and developed was high in the spikes
treated with 2,4-D at the optimum concentration.
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It is, therefore, concluded that the treatment with 2,4-D at 50 to 100 mg L was useful to-1
produce haploid wheat plant in the crosses of Zenkojikomugi x maize. The embryo development may
depend on the concentration of 2,4-D in the seeds.
4. High Frequency of Haploid Production of Wheat through Intergeneric Cross with
Teosinte
An application of the method for wheat haploid production is restricted due to thebulbosum
presence of non-crossability genes, and/or in wheat genotypes (Snape et al., 1979). However,Kr1 Kr2
Laurie and Bennett (1988) observed that the wheat genotypes carrying gene (s) could produceKr
haploid plants through intergeneric crosses with maize. The frequency of haploid production was
increased by treatment with 2,4-D (Suenaga and Nakajima, 1989; Inagaki and Tahir, 1990). On the
other hand, Ushiyama et al. (1990) reported that wheat florets crossed with maize pollen
contained many seeds lacking embryos as compared with those of the method.bulbosum
Then, they indicated that to alleviate such shortcomings, it was necessary to select maize
genotypes with a high crossability with wheat and investigate the concentration and combination of
phytohormones for embryo development. In this section, the author described the results of selection
of maize and teosinte genotypes as pollen donors for wheat haploid production
Materials and Methods
Thirty nine maize genotypes (24 inbred lines and 15 F hybrids) and one genotype of1
teosinte (2n=20) were used for this study. All of them originated from Nagano Chushin Agricultural
Experiment Station. Twenty plants of each genotype were grown in a greenhouse kept at a min.
temperature of 20 . The wheat cultivar Nishikazekomugi was selected as the female plant, because℃
it showed rather high crossability with maize genotypes without the application of phytohormones as
compared with other wheat genotypes described early.
Wheat plants eared in a greenhouse kept at a min. temperature of 15 under natural day℃
length conditions. After emasculation, wheat florets were crossed with freshly collected pollen grains
bulbosumfrom each of maize or teosinte genotypes. The method of crossing was followed the
method, and then the detached wheat spikes were cultured in the solution of Kato et al. (1990),
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-1 -1 -1 -1except that 100 mg L 2.4-D, 10 ml L ethanol, 0.8 ml L sulfurous acid (about 6 %) and 40 g L
sucrose were added. The embryo was excised from caryopsis which grew over two thirds of the glume
length. Those obtained embryos were transferred onto agarose solidified B medium, and incubated5
at 18 25 under fluorescent light for 10 hours per day.- ℃
Results and Discussion
Table 17 shows the number of seeds obtained and plants regenerated. Caryopsides
pollinated with maize or teosinte was classified into two types: true seed with embryo, and "seed" in
which no embryo was identified under a dissecting microscope (embryo-less seed). Among the wheat
x maize crosses, the frequencies of true seeds ranged from 2.2% to 29.9%, and those of embryo-less
seeds ranged from 21.7% to 59.9%. In the case of wheat x teosinte cross, the corresponding values
were 38.5% and 37.0%, respectively. It should be noted that no genotype of maize exceeded the
frequency of true seed set in wheat x teosinte cross and 26 out of 39 maize genotypes showed a
higher frequency of embryo-less seed set of wheat than that of teosinte.
Frequencies of plant regeneration per embryo cultured ranged from 0 to 85.7% in maize
pollination and 81.8% in teosinte. Although the maize line "CM44" showed a higher frequency of
plant regeneration of wheat than teosinte, this line produced the most frequently embryo-less seeds
among the pollen parents, and the percentage of regenerated plants per pollinated floret was very
low (2.5%).
The frequency of regenerated plants per pollinated floret was the highest in wheat x
teosinte cross (31.5%), which was about three times the highest value (11.6%) obtained in wheat x
maize (F131). The above stated differences in seed setting and plant regeneration between teosinte
and maize were statistically significant (Table 18).
It is concluded that teosinte displayed a much higher potentiality of haploid production with
wheat than the maize genotypes although the environment for the pollen parents, teosinte and
maize, was not favorable due to insufficient light and dense planting in the current study. Therefore,
it is suggested that the use of teosinte may be suitable for wheat haploid breeding programs through
intergeneric crosses.
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(%)1) (%)2)
Teosinte genotype
Teosinte(1651)3) 200 77 (38.5) 74 (37.0) 63 (81.8) (31.5)
Maize genotype
F131 198 33 (16.7) 87 (43.9) 23 (69.7) (11.6)
Kiwase 170 24 (14.1) 47 (27.6) 15 (62.5) (8.8)
P3552 258 44 (17.1) 101 (39.1) 21 (47.7) (8.1)
CM109 266 43 (16.2) 149 (56.0) 20 (46.5) (7.5)
Pioner P80 Lisa 378 78 (20.6) 149 (39.4) 28 (35.9) (7.4)
CM139 190 35 (18.4) 82 (43.2) 14 (40.0) (7.4)
SD25 166 25 (15.1) 54 (32.5) 12 (48.0) (7.2)
A509 410 70 (17.1) 178 (43.4) 29 (41.4) (7.1)
Falconer Semi-Dent 302 45 (14.9) 108 (35.8) 20 (44.4) (6.6)
ND240 140 17 (12.1) 45 (32.1) 9 (52.9) (6.4)
ND100 204 20 (9.8) 104 (51.0) 13 (65.0) (6.4)
W117Ht 124 18 (14.5) 66 (53.2) 7 (38.9) (5.6)
CM7 196 32 (16.3) 77 (39.3) 11 (34.4) (5.6)
Black Mexican 250 48 (19.2) 121 (48.4) 14 (29.2) (5.6)
Mejiro Tokibi 288 57 (19.8) 136 (47.2) 16 (28.1) (5.6)
G4589 200 28 (14.0) 84 (42.0) 11 (39.3) (5.5)
Seneca Wampan 294 58 (19.7) 141 (48.0) 16 (27.6) (5.4)
V3 224 67 (29.9) 90 (40.2) 12 (17.9) (5.4)
Bai Baomi (202)3) 158 23 (14.6) 56 (35.4) 8 (34.8) (5.1)
Begentchoukskaya 194 45 (23.2) 87 (44.8) 9 (20.0) (4.6)
Extra Early Adams 304 31 (10.2) 102 (33.6) 14 (45.2) (4.6)
W182B-2(946)3) 220 27 (12.3) 101 (45.9) 10 (37.0) (4.5)
Hongse Baomi (81)3) 178 28 (15.7) 67 (37.6) 8 (28.6) (4.5)
A556 282 36 (12.8) 162 (57.4) 12 (33.3) (4.3)
CM47 192 14 (7.3) 115 (59.9) 8 (57.1) (4.2)
W182BN 472 35 (7.4) 158 (33.5) 19 (54.3) (4.0)
CM174 274 35 (12.8) 121 (44.2) 11 (31.4) (4.0)
CM39 230 26 (11.3) 81 (35.2) 9 (34.6) (3.9)
SX239 210 31 (14.8) 108 (51.4) 8 (25.8) (3.8)
Oh43 316 26 (8.2) 150 (47.5) 12 (46.2) (3.8)
Seneca Brone 252 30 (11.9) 131 (52.0) 9 (30.0) (3.6)
A34 235 14 (6.0) 85 (36.2) 8 (57.1) (3.4)
W64AHt 254 22 (8.7) 58 (22.8) 8 (36.4) (3.1)
CM44 236 7 (3.0) 138 (58.5) 6 (85.7) (2.5)
Span Cross 186 18 (9.7) 51 (27.4) 4 (22.2) (2.2)
PF157 184 15 (8.2) 91 (49.5) 3 (20.0) (1.6)
RB259 358 8 (2.2) 141 (39.4) 4 (50.0) (1.1)
A654 180 5 (2.8) 39 (21.7) 2 (40.0) (1.1)
W182B-1(728)3) 194 6 (3.1) 66 (34.0) 0 (0.0) (0.0)
Subtotal in maize 9367 1224 (13.1) 3927 (41.9) 463 (37.8) (4.9)
1) Frequency of plants regenerated from the embryos obtained.
2) Frequency of plants regenerated from the florets pollinated.
Table 17. Frequency of haploid production of wheat in crosses of a wheat genotype
"Nishikazekomugi" with 39 maize genotypes and a teosinte genotype.
3) Identification code is referred to the number given to the maize germplasm samples
    preserved at Nagano Chushin Agricultural Experiment Station.
Pollen source No. of floretspollinated
No. of seeds set (%)
with embryo without embryo
No. of plants
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Table 18. Contingency analysis for variation in the rate of seed settingχ 2
and plant regeneration in wheat x teosinte and maize.
Item d.f. Pχ 2
) ( )a Seed setting no seed: true seed: embryoless seed
Teosinte vs maize 2 112.877 0.001<
Within maize genotypes 76 708.693 0.001<
) ( )b Plant regeneration per embryos cultured regenerated: not regenerated
Teosinte vs maize 1 58.204 0.001<
Within maize genotypes 38 93.000 0.001<
) ( )c Plant regeneration per florets pollinated regenerated: not regenerated
teosinte vs maize 1 266.322 0.001<
Within maize genotypes 38 4063.006 0.001<
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Summary
The effects of phytohormones on the production of haploid wheat were examined in the
intergeneric crosses with maize. The treatments with 50 mg L 2,4-D increased the embryo size, but-1
the treatments with above 75 mg L 2,4-D inhibited the development of the embryo. The percentage-1
of florets developing into haploid plants was increased by the treatment with 100 mg L 2,4-D. The-1
concentrations of 2,4-D in the spikes treated with 2,4-D at 50, 100 and 150 mg L were measured by- 1
gas chromatography. The concentration of 2,4-D in the seed was increased to 9.24 ppm by the
treatment with 100 mg L 2,4-D, a further increase of 2,4-D concentration in the medium having no-1
effect. On the other hand, the concentration of 2,4-D in the glumes and rachis increased up to 12.72
and 41.55 ppm by the treatment with 100 and 150 mg L 2,4-D, respectively. The treatments with- 1
2,4-D at a concentration higher than 100 mg L inhibited embryo development. The present results-1
suggested that 2,4-D at the concentrations from 50 to 100 mg L would be optimum for haploid-1
wheat production using maize.
Thirty nine genotypes of maize and one genotype of teosinte were investigated for the
( )haploid production. Wheat x teosinte cross was the highest in frequency of embryo obtained 38.5%
and in haploid frequency per pollinated florets 31.5% . Teosinte can be used effectively in haploid( )
breeding programs.
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Chapter 5.
Haploid Breeding in Comparison with Bulk Method
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In this chapter, progenies obtained by method, maize method and conventionalbulbosum
bulk method were compared.
1. Method in Comparison with Bulk MethodBulbosum
Progenies of DH lines produced by the method were compared with thosebulbosum
obtained by the conventional bulk method. Genetic variation among the DH lines, which
theoretically have no bias if no gametophytic selection occurs, is discussed in this chapter for the
future use of the breeding program.
Materials and Methods
To examine variation of culm lengths in the progenies of the conventional hybrid and DH
lines, the author grew about 500 plants each of F , F , F and F of Tozan x Fukuhokomugi and DH ,3 4 5 6 3
DH , DH and DH produced by method, in the field with a spacing of 3 cm within the row4 5 6 bulbosum
and 60 cm between rows, and measured their culm lengths.
Results
Fig. 1 shows the distribution of culm length in F to F and DH to DH . The culm length3 6 3 6
was classified at 5 cm intervals, and to adjust the yearly deviation of growth, the author calculated
scores (the number of lines) in the difference from the mean value of each class and compared the
3 4distribution pattern of the scores. The score in the 14 classes of the F corresponded to that of F
(df=13, χ =4.609, <0.10), and that of F also corresponded to that of F (d=13,χ =18.427, <0.10).2 2p p4 5
However, χ tests between the score in F and that in other generations gave a significant difference2 6
(F v. F ; df=13, χ =36.186, <0.01, F vs. F ; χ =34.248, <0.01, F vs. F ; χ =28.623. <0.01).6 3 6 4 6 52 2 2p p p
bulbosumOn the other hand, the scores in the 15 classes in the DH line produced by the3
method corresponded to those in all other generations (DH vs. DH ; χ =13.165, <0.10, DH vs.3 4 32 p
DH ; χ =15.222, <0.10, DH vs. DH ; χ =10.513. <0.10). The histograms of the scores in the DH5 3 62 2p p
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line produced by the method had two peaks. In DH , DH , DH and DH , the percentage ofbulbosum 3 4 5 6
plants with a score of -10 or lower was 26, 27, 26 and 26%, respectively. On the other hand, in F ,3
F , F and F , the scores showed a near normal distribution, and the percentage of the plants with a4 5 6
score of -10 or lower was 20, 19, 19 and 20%, respectively.
           Difference from the mean culm length  (cm)
Fig. 1. Culm length (score) in successive generations of selfed progenies of
        hybrid Tozan 18 x Fukuhokomugi and DH line produced by the bulbosum
        method.  Score :  The number of lines.
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Discussion
The frequency distribution of the culm length in F did not agree with that in earlier6
3 4 5generations Fig. 1 . The expected frequency of the plants with homogeneous in F , F , F( ) Rht1Rht2
was 14.1, 19.1, 22.0 and 23.4%, respectively. The segregation ratios for the frequency of the culm
length were nearly the same except for F . However, the frequency of the score of -10 cm in DH was3
lower than that in the self-fertilization lines from F to F , and the frequency of the score between( )3 6
-5 and -35 cm in DH line was higher than that in the self-fertilization lines Fig. 1 .( )
In the later progeny generations of the self-fertilization lines, even in F , peaks were not6
observed in the histogram Fig. 1 . This phenomenon indicated a genetic drift of the short culm( )
lines carrying the gene due to inhibition of growth of short culm individuals caused by shadingRht
by the long culm individuals when the self-fertilization mass selection was applied in dense planting
for several generations. The cross combination between parents with different genes magnifiedRht
the culm length variation in progeny generations.
2. Maize Method in Comparison with Method by Response to GibberellicBulbosum
Acid
In wheat, three alternative doubled-haploid breeding systems are now available, anther
culture (Buyser et al., 1981; Winzeler et al., 1987), crossing with (Sitch andHordeum bulbosum
Snape, 1985; Snape et al., 1988) and crossing with maize (Suenaga and Nakajima, 1989; Ushiyama
et al., 1991). In previous study, the author developed two methods for producing doubled haploid
(DH) of wheat effectively by method and maize method. The maize method may be lessbulbosum
genotype dependent than the method (Laurie and Reymondie, 1991). Whether or not abulbosum
genetic variation occurs in the progeny of the DH lines, however, has not been tested.
For breeding programs, it is important to select medium culm-length lines having a culm
length between 70 and 90 cm for lodging resistance and mechanical harvesting. Yamada (1989,
1990) developed a technique for selecting a semi dwarf gene of wheat based on the response to
gibberellic acid (GA) of the first leaf sheath (LS), and identified the semi dwarf line in the Japanese
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modern wheat cultivars by this technique. In Japanese wheat breeding programs aimed to select
lines with a high-yielding ability, it is assumed that breeders have unconsciously selected the
genotypes carrying semi dwarf gene or (Yamada ,1989).Rht1 Rht2
In this section, the author investigated the culm length of DH lines produced by the
and maize methods for the response to GA. The author examined the possibility ofbulbosum
selecting a line with a medium culm length based on the response to GA.
Materials and Methods
The tester lines shown in Table 19 were kindly supplied by Dr. T. Yamada, NationalRht
Agriculture Research Center. To determine the GA-insensitive gene in wheat cultivar Tozan 18,
Tozan 18 was crossed with each tester line, and selfed the F hybrid to produce F populations.Rht 1 2
Winter wheat Tozan 18, a landrace bred at the Nagano Prefecture Agricultural Experiment Station,
has high yielding, freezing hardiness, snow heaving resistance and lodging resistance but no
resistance to pre-harvest sprouting. Genetic enhancement of wheat at Tozan18 has been an integral
part of Nagano Prefecture Agricultural Experiment Station's wheat improvement program.
About 400 seedlings of each F population, 12 seedlings of the F hybrid and 12 seedlings of2 1
the parental lines were investigated for GA-insensitivity following the method of Yamada (1989).
Plants were grown at a temperature of 20/15 (day/night) under 16 hour day length and℃
applications of irrigating water containing 10 ppm GA for 21 days and the length of the first leaf
sheath (LS) was measured.
To evaluate the variation in culm length and GA sensitivity of DH lines, DH lines were
produced according to the method described previously. The detached spikes of F hybrid of Tozan1
18 x Fukuhokomugi were crossed with and cultured for 14 days in the sucrose and theH. bulbosum
sulfuric acid solution to which 2,4-D was added at the concentration of 50 mg L . The DH plants-1
thus produced were successively selfed to produce DH plants. Some of the F hybrids were crossed3 1
3 3with maize (teosinte) and DH plants were produced according to the described method. The DH
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plants produced by each method were treated with GA as reported by Yamada (1990), and grown in
the field to determine the final culm length and the sensitivity to GA. The experiment was
conducted with two replications.
The sensitivity to GA is shown by the response of the LS to GA, and the sensitivity is
shown by the GA index (GAI) as follows;.
GAI = {(length of LS in GA-treated seedlings )/( length of LS in GA-untreated seedlings)} x 100.
χ test was performed to examine the goodness of fit to the expected ratio.2
Results
Table 19 shows the wheat lines used in this study, and their sensitivity to GA (GAI). The
GAI value in Tozan 18 was 168 and that of F hybrid of the cross Tozan 18 x tester line,1 Rht3
D6899, was 141, showing a lower GA sensitivity than other lines. Fig. 2 shows the frequency
distribution of the length of LS in the F of the cross between Tozan 18 and other lines after2
treatment with 10 ppm GA. An LS longer than 60 cm, which is considered to be induced by GA
treatment, was observed in the cross Tozan 18 x tester lines, Nishikazekomugi andRht1
Rht2 Rht1Rht2Fukuhokomugi, but not in the cross Tozan18 x tester line, Norin 61, and Tozan 18 x
tester line, Norin 10.
Fig. 3 shows the culm length plotted against GAI value in DH lines (DH ) which were3
produced by the and maize methods. This scatter diagram was divided into three groups,bulbosum
low GAI group, in which GAI was 150 or lower and the culm length was shorter than 68 cm, high
GAI group, in which GAI was over 260 and culm length was longer than 80 cm, and medium GAI
group, in which GAI was 130-220 and culm length was 70-100 cm.
In DH lines produced by the method, the number of plants classified into low,bulbosum
medium and high GAI groups was 27, 49 and 26, respectively, and in DH line produced by maize
method, it was 24, 58 and 20, respectively. The ratio was close to 1:2:1 in both DH lines produced by
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the and maize methods. In addition, the mean culm length of DH lines produced by thebulbosum
and maize methods were 78.0 and 78.9 cm, respectively, and no significant difference wasbulbosum
observed between them.
GA I1) Genotype2)
Breed ing line
Tozan 18 168
Tester lin e
Chinese Spring 306 rht
Fuku hokomugi 190 Rht1
Nishikazekomugi 178 Rht1
Norin 61 172 Rht2
D6899 132 Rht3
Norin 10 147 Rht1 +Rht2
F1 from Tozan 18 crossed with Rht  tester lines
Chinese Spring / Touzan18 240
Touzan 18 / Nishikazekom ugi 196
Nourin 61 / Touzan 18 201
Touzan 18/ D 6899 141
Touzan 18 / Nourin 10 166
Touzan 18 / Fukuhokomugi 205
Fuku hokomugi / Touzan 18 213
2) Cited  from Yam ada (1990)
Table 19. GA index (GAI), response to GA of the first leaf
             sheath, and R ht  genotypes of tester lines, Tozan
             18, and  F1 of Tozan 18 crossed  w ith Rht  tester lines.
1) GA index (GAI) = (length of the first leaf sheath (LS) of G A-
   treated seed lings / length of LS of G A-un treated seedlings) x  100.
- 60 -
Fig. 2. Frequency distribution of the length of the first leaf
         sheath of F2 seedlings of Tozan 18 crossed with Rht
         tester lines, measured 21 days after the treatment
         with 10 ppm GA.
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Fig.3. GA index (GAI) and culm length of DH3 produced from F1
         hybrid of Tozan 18 x Fukuhokomugi by the bulbosum  and
       maize methods.
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The mean GAI in DH lines produced by the and maize methods was 178 and 190,bulbosum
respectively, with no significant difference seen between the two methods. The overall mean culm
length in DH lines produced by the two methods was 78.5 cm. To compare the distribution pattern
of the culm length in the DH lines produced by the two methods, the author classified the culm
length into thirteen groups; shorter than 51 cm, 51-56 cm, 56-61 cm, 61-66 cm, 66-71 cm,71-76 cm,
76-81 cm, 81-86 cm, 86-91 cm, 91-96 cm, 96-101 cm, 101-106 cm and longer than 106 cm, and
examined the frequency of each group. No difference was detected in the frequency distribution
pbetween the two methods (χ test of 2x13 contingency table on these classes; df=12, χ =7.360,2 2
<0.01).
The overall mean of all values in DH lines produced by the and maize methodsbulbosum
was 184. The range of GAI was classified into less than 104, 104-124, 124-144, 144-164, 164-184,
184-204, 204-224, 264-284, 284-304, 304-324, and more than 324, and examined the frequency of
each length group. Again, no difference was detected in the frequency distribution between the two
methods (df=10, χ =9.305, p <0.01).2
Discussion
In this experiment, the GA sensitivity of the tester lines was similar to that reported by
Yamada (1989) except that Norin 10 showed a very low sensitivity and Tozan 18 showed a lower GA
sensitivity than the others (Table 19). If the gene in Tozan 18 was different from that in theRht
tester line, the GA sensitivity of F population derived from Tozan 18 x the tester line should be2
different from that of Tozan 18.
As shown in Fig. 2, the distribution pattern of the length of LS in F hybrid of Tozan 18 x2
Norin 61 ( ) treated with GA was similar to that in Tozan 18, which shows that the genotype ofRht2
Tozan 18 was . In Tozan 18 crossed with Fukuhokomugi and Nishikazekomugi carrying theRht2
gene, some plants had an LS longer than 60 cm, because the crosses had + (Fig. 2).Rht1 rht1 rht2
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Snape et al. (1988) developed a second generation of DH lines to investigate the generation
of gametoclonal variations by the method, and detected wheat gametoclonal variations inbulbosum
several characters. Lauirie and Snape (1990) suggested that the variation in DH lines produced by
the maize method was likely to be similar to that in DH lines produced by the method.bulbosum
Suenaga and Nakajima (1993a, 1993b) reported that the segregation ratio of the DH lines derived
from F of Fukuhokomugi ( ) x Oligo ( ) coincided with the expected ratio of 3:1 (insensitive :1 Rht1 Rht2
sensitive). In Fig. 3, GA sensitivity (GAI) and the culm length in the DH lines produced by the
method were similar to those in the DH line produced by the maize method, and therebulbosum
was no difference between the methods. In addition, the low, medium and high GAI groups in Fig. 3
mean that they carry the gene, or gene, and gene,Rht1Rht2 Rht1rht2 rht1Rht2 rht1rht2
respectively. The segregation ratio of these gametophytic phenotypes in the DH lines produced by
the two methods was close to the expected ratio of 1:2:1.
Therefore, it can be conclude that the two methods could be useful for breeding of wheat
without a genetic drift. Furthermore, we can select medium culm lines carrying one gene by theRht
response to GA before planting, and reduce the number of lines by half.
Summary
Rht1 Rht2 HordeumAn F hybrid with the semi dwarf genes, and , was crossed with1
and maize, and 102 seedlings of each DH line produced by the two methods were treatedbulbosum
with GA. The scatter diagram of the sensitivity to GA plotted against culm length was divided into
three groups. The segregation ratio was close to the expected ratio; 1:2:1 in both DH lines produced
3 4 5 6by the two methods. The frequency distribution of culm length in DH , DH , DH and DH
populations by the method showed two peaks, though that in F , F , F and F populationsbulbosum 3 4 5 6
from the same F hybrid showed a continual normal distribution. The ratio of individuals with a1
shorter culm length to those with a longer culm length in DH lines was close to the expected ratio;
6 3 51:3. The frequency distribution of culm length in F was significantly different from that in F -F
populations, indicating an unintentional selection during the generation of the selfed hybrid, but the
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frequency of short culm relative to long culm individuals was lower in F -F populations than in DH3 6
lines. It suggests the usefulness of selecting the medium culm-length lines in the DH lines in
addition of examining the GA sensitivity.
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Chapter 6.
Development of New Cultivars by Haploid Method
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1. Characteristics of Doubled Haploid Lines Derived from Hybridization of Soft
Wheat and Extra Hard Wheat and Breeding of Strong Wheat
A primary object of the wheat breeding program in Nagano prefecture is to develop strong
wheat having good bread baking characteristics. The author has worked on improving haploid
breeding method and produced DH lines derived from the cross of soft wheat/extra hard wheat. In
this section, characteristics of DH lines were studied for the future use of the breeding program.
Materials and Methods
A winter soft wheat, 'Saikai 179', developed at National Agricultural Research Center for
Kyushu Okinawa Region was crossed with a hard red winter wheat line, 'KS831957', developed at
Kansas State University. In F generation, DH lines were produced by the maize method described1
in the previous chapters. In DH generation, seeds of every DH line were produced. Forty plants of2
each DH line were grown in a field with a spacing of 6 cm within the row and 60 cm between rows.3
In each DH line, heading time was observed and 5 plants for culm length and ear length were
measured and averaged.
After harvesting, grain yield, 1000 grain weight and weight of volume in 1 liter test(
weight were measured 2 times. Before harvesting, the degree of powdery mildew infection, 5 ranks)
from high to low, was observed. In DH , 10 plants were grown at hill plots in Iiyama city for3
observation of snow mold tolerance and judged for the degree of plant damage after snow melting at
two investigation times, scoring as; 100% damage: low, over 75% damage: slightly low, over 50%
damage: intermediate, over 25% damage: slightly high, under 25% damage: high.
Milling and bread baking characteristics of DH lines were investigated as follows. Flour3
yield was determined by using Brabender Quadrumat Junior in average of three times from 100 g
grains every times, under the feeder speed of 70 seconds per 100 g, the roller temperature at 20 - 25
and 70 XX silk sieve. A flour tray was divided into half and flower was separated into A flour℃
obtained in the tray near to a roller and B flour obtained in the tray far-off. Flour yield was
( ) ( )calculated as A flour weight + B flour weight / A flour weight + B flour weight and bran weight
x 100. 'Easiness of through put' was calculated as A flour weight / weight of A + B flour x 100( )
Komae et al.,1995 . Milling tests were conducted 3 times. All A flour provided by the three( )
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procedures were mixed and used to investigate bread baking characteristics as follows. Gluten Index
was calculated for 10 g flour by the glutomatic system with 2 replicates. The dough physical
properties were tested by the mixograph with 2 replications for the Brabender milled flour 35g ,( )
mixed with 25 mL of distilled water. Mixing development time MDT from mixograph curves was( )
obtained. The existence of high molecular weight glutenin subunit 5+10 5+10 was tested( )
according to the method of Ishikawa et al. 2005 .( )
DH lines selected for early heading time, middle culm length, powdery mildew resistance
and high snow mold tolerance were tested for the sprouting resistance by observing sprouting ears
under wet condition, in which 3 ears of each line were misted every days under two temperature
conditions, 16 and 19 . Tolerance was scored on the average of 2 temperatures: 0% :difficult,℃ ℃
under 10% :slightly difficult, under 25% :intermediate, under 50% :slightly easy, over 50% :easy.
Other tests of the agronomic characters were performed following the standard method of
Nagano Agricultural Experiment Station.
Results
A total of 293 F -derived DH lines were investigated in heading time, culm length, ear1 3
length, 1000 grain weight, test weight and the spread of powdery mildew symptoms. These results
were indicated in Fig. 4 The culm length was distributed between 109 cm and 44 cm, and 166 lines
57% were distributed between 70 cm and 90 cm, which had cultivation advantage. The ear( )
length was distributed between 15.0 cm and 6.0 cm, and 169 lines 58% had more than 10.0 cm.( )
1000 grain weight was distributed between 29.2 g and 46.8 g, and 119 41% lines had more than( )
38 g. In addition, 62 lines 21% had low or very low of powdery mildew symptoms.( )
The relationship of heading time and snow mold tolerance was indicated in Fig. 5. Heading
time distributed from May 10 to April 27 and 241 lines 82% were distributed between May 4 and( )
May 2. For snow mold tolerance, the frequency of low, slightly low, intermediate, slightly high and
high was 16 lines 5% , 17 lines 6% , 107 lines 37% 108 lines 37% and 45 lines 15% .( ) ( ) ( ) ( ) ( )
Among 24 lines which headed before May 1, 10 lines indicated high snow mold tolerance. High
correlation coefficient was not observed between heading day and snow mold tolerance r=0.051 .( )
The result of milling test was shown in Fig. 6. DH lines were divided into two groups by the
value of 65.5% of 'Easiness of through put', clearly. The high value group of 'Easiness of through
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Fig. 4 - a～- d.　The frequency of agricultural characteristics
                      in DH lines from F1(KS831957 x Saikai179) (n=293)
                      P1: KS831957,　P2:saikai179
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Fig. 5. Relationship between heading date and snow mold tolerance
         in DH lines from F1(KS831957 x Saikai179).
  Judged by the degree of plant damage after snow melting at two investigation
times; 100% damage: low, over 75% damage: slightly low, over 50% damage:
intermediate, over 25% damage: slightly high, under 25% damage: high.
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Fig. 6. Results of milling test of DH lines by using Brabender Quadrumat Junior.
         Flour yield : (weight of A + B flour / weight of A + B flour and bran) x 100
        Easiness of through put :  (A flour weight / weight of A + B flour ) x 100
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put' was judged as hard wheat and the low value group was judged as soft wheat because the flour
of hard wheat could put easily through sieve but soft wheat could not. The number of hard wheat
and soft wheat judged was 117 lines and 115 lines, respectively. The segregation ratio of the
gametopthytic genes fitted to 1:1.
The relationships of flour yield and test weight were shown in Fig. 7. Test weight was
distributed over the range of 714 g and 833 g, and 176 lines 60% had more than 780 g. The low( )
correlation coefficient r=0.285 was recognized between flour yield and test weight in all lines. But( )
in hard wheat, lines of high test weight tend to have high flour yield r=0.553 .( )
The heading time of soft and hard wheat were shown in Table 20. More lines of soft wheat
headed before May 1 or after May 5 than hard wheat df=7, =116, p 0.01 . Many hard wheat( χ < )２
had medium heading time.
The relationship of gluten index and MDT was shown in Fig. 8. The average value of soft
and hard wheat Gluten Index was 89 and 92, respectively. No significant difference was recognized
between soft and hard wheat Gluten Index df=230, t=1.496 . The average of soft and hard wheat( )
MDT were 3.6 min. and 3.5 min., respectively and no significant difference was recognized df=230,(
t=0.644 . The positive correlation coefficient r=0.645 was recognized between Gluten Index and) ( )
MDT and 156 lines 67% had more than 90 of Gluten Index.( )
MDT values of lines which had 5+10 or not were shown in Table 21. There were 58 lines
having 5+10 in 115 lines of soft wheat and there were 60 lines having 5+10 in 117 lines of hard
wheat. Both of the segregation ratio of gametopthytic genes fitted to 1:1. For both soft and hard
lines, the frequency of lines having 5+10 increased as MDT was longer. In soft wheat, the frequency
of 5+10 lines was 30% under 3 min. of MDT but additional one minute of MDT resulted in the
frequency of 63%, 63%, 85% and 83%. In hard wheat, the frequency of 5+10 lines was 25% under 3
min. of MDT but additional one minute MDT resulted in the frequency of 55% and 88%. Over 5
minutes, the frequency was 100%. The frequency of 5+10 lines at each MDT time, no significant
difference was recognized df=6, =5.856 between soft wheat and hard wheat.( χ )2
Judging from heading time, culm length, powdery mildew resistance and snow mold
tolerance, 35 DH lines was selected and these lines was tested for sprouting resistance. The number
of lines scored as difficult, slightly difficult, intermediate, slightly easy and easy was 7, 6, 8, 6 and 8,
respectively. The score of parents, Saikai 179 and KS831957, was difficult and slightly easy,
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Fig. 7. Relationships of flour yield and test weight in DH lines.
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Table 20. Frequency of heading data of soft
             whaet or hard wheat in DH lines.
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Fig. 8. Relationships of gluten index and mixing development time (MDT).
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Table 21. Effect of high molecular weight glutenin subunit
             5+10 (5+10)  on Mixing development time (MDT).
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respectively. After early stages of selection, especially for early heading and sprouting resistance, in
DH generations, yield test of 8 DH lines was conducted. In DH , 6 DH lines were selected and4 5
tested for the end-use flour quality characteristics.
In DH , milling and bread baking characteristics of selected 3 lines were determined by7
Nagano prefecture Flour Milling Association. In DH , one line named as 'Yumeasahi' and in DH ,8 9
one line named as 'Hanamanten' were developed and were registered at the Ministry of Agriculture,
Forestry and Fisheries of Japan. 'Yumeasahi' was released in Nagano prefecture. It was a
medium-height, medium maturity, hard red winter wheat with high test weight, excellent cold
tolerance and good baking quality. 'Hanamanten' was released in Nagano prefecture, Saitama
prefecture and Toyama prefecture. It was a medium-height, early maturity, super hard red winter
wheat with high test weight, excellent cold tolerance and good quality for Chinese noodles.
Discussion
In Japan, good baking quality cultivars were introduced from foreign countries. These
cultivar were generally late maturing and not adapted to Nagano. In this areas, it was difficult to
develop early maturing hard winter wheat. Saikai 179 was slightly weak in the property of the
gluten but KS831957 was a super strong wheat. Though it was performed many times till now to
develop hard wheat cultivars with early heading time by traditional cross breeding using such
parents as a cross combination, it had not been possible to select cultivars with such characters.
However, using the method described in this thesis, two promising new cultivars of hard
wheat could be developed in nine years after initial crossing. As for DH lines derived from F of3 1
these parents, the distribution of the rank of agriculture characteristics and quality characteristics
did not have skewness. If the frequency of hard flour or high over-wintering ability in early heading
lines was low, the two new cultivars might not be selected.
Several important tendencies concerning flour quality could be suggested. As test weight
was heavy in hard wheat, flour yield tended to be high. Low test weight lines should be eliminated
for a hard wheat to save a time and labor. 5+10 is known to have a positive effect on dough
properties and most cultivars possessing this subunit profile show good baking quality Shewry et(
al., 1992 . Japanese soft wheat cultivars sometimes have weak dough properties because of the low)
protein content. In this experiment, soft wheat lines without 5+10 showed very short MDT Table(
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21 . For the improvement of dough properties of Japanese noodles, it is necessary to investigate the)
effect of 5+10 on a soft wheat.
There were a lot of genes concerning agronomic characters and flour quality of wheat, so a
lot of DH lines must be produced. However, if there is no strong linkage between genes for
important characters, a plan for breeding a new good cultivar could be constructed relatively
certainly. In addition, it will be effective for labor saving in the field work when DH lines were
selected for appropriate culm length with GA response, and flour quality with 5+10 before seedling
at DH generation.2
2. New Cultivars Released by Haploid Breeding Method
Several promising new wheat cultivars have been released using haploid breeding method
by the author. In this section, details of these cultivars are describes.
Materials and Methods
Method of obtaining double haploids are shown in previous chapters. Agronomic characters
and flour quality were mainly tested in Nagano Agricultural Experiment Station. Adaptability was
tested in several experiment stations outside of Nagano prefecture. Method of these tests were under
the standard method of each experiment station.
Results and Discussion
'Kinuhime' was developed from method and released in 1998. 'Kinuhime', soft redbulbosum
winter wheat, was selected from the cross 'Kanto95' / 'Tozan18' // 'Nishikazekomugi'. It had been
thought that the development of the very early maturity and high yielding wheat adapted for
production in the cold climate southern region in Japan was difficult. But 'Kinuhime' has these
characteristics, sprouting resistance and lodging resistance, and the adapted areas have extended to
Nagano prefecture, Nara prefecture, Hiroshima prefecture and Toyama prefecture.
'Yumeasahi' and 'Hanamanten' were developed from maize method and released in 2003
and 2004 respectively. In Table 22 and 23, characteristics of these cultivars are shown.
Data of seventeen agronomic characters in Table 22 were the means of several replications
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Characters Kinuhime1) Yumeasahi2) Hanamanten3) Shiranekomugi
（Standard cultivar）
Grade of spring habit Ⅳ Ⅱ Ⅱ Ⅳ
Plant habit Semi-prostrate Prostrate Prostrate Semi-prostrate
Culm angle Intermediate Close Slightly close Slightly close
Heading time 4-May 6-May 1-May 8-May
Maturity date 19-Jun 23-Jun 18-Jun 22-Jun
Culm length (cm) 87 98 82 84
Ear length (cm) 8.7 8.8 9.3 8.7
Ear numbers per square
meter 447 554 523 453
Sprouting resistance Difficult Slightly difficult Slightly difficult Slightly easy
Lodging resistance High Slightly low Slightly high high
Cold tolerance Slightly high intermediate intermediate Slightly high
Snow mold tolerance Slightly low low low Intermediate
Tolerance to soil upheaval Slightly high High High Intermediate
Powdery mildew resistance High Intermediate Intermediate Slightly high
Grain yield (kg/a) 66.7 55.6 64.4 62.3
Test weight (g) 805 801 792 802
1000 grain weight 40.8 41.1 41.2 39.6
 The means of several replications from 2000 to 2004 were used.
Characters Kinuhime Yumeasahi Hanamanten Shiranekomugi
（Standard cultivar）
Crude protein content of
grain (%)  (grain moisture
13.5%)
12.4 13.3 13.4 12.3
Flour yield (%) 68.8 63.7 61.7 68.9
Milling score1) 82.6 74.4 75.3 81.1
Crude protein content of
60% flour (%)
(flour moisture 13.5%)
9.7 11.3 11.4 10.3
Crude ash content of 60%
flour (%)  (flour moisture
13.5%)
0.39 0.48 0.43 0.42
Gluten index of glutomatic
system 70.8 94.5 98.7 79.9
 The means of several replications from 2000 to 2003 were used.
Table 23. Milling characteristics of new cultivars developed by haploid breeding method.
1)Milling score was calcureted following (100-((80-flour yield) + 50 x (total ash -0.03)) 
Cultivar
Table 22. Agronomic characters of new cultivars developed by haploid breeding method.
Cultivar
1) Kinuhime was derived from the cross Kanto95/Tozan18//Nishikazekomugi using bulbosum  method.
2),3) Yumeasahi and Hanamanten were derived from the cross KS831957/Saikai179 using maize method.
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in every year from 2000 to 2004. Kinuhime is early maturity about three days early than(
Shiranekomugi standard cultivar in Nagano , high lodging resistance, high sprouting resistance( )
Shiranekomugi is slightly easy , winter wheat Grade of spring habit is . Mean grain yield of( ) ( Ⅳ)
Kinuhime 66.7 kg/a was higher than Shiranekomugi 62.3 kg/a . However snow mold tolerance of( ) ( )
Kinuhime is slightly low. Yumeasahi has medium maturing, large ear numbers, high tolerance to
soil upheaval and slightly high sprouting resistance. However, snow mold tolerance of Yumeasahi is
low. Since culm length of Yumeasahi is medium long 98 cm , about 14 cm taller than( )
Shiranekomugi, lodging resistance of Yumeasahi is slightly low. Hanamanten has early maturity
about four days early than Shiranekomugi , large ear numbers, high tolerance to soil upheaval and( )
slightly high sprouting resistance. Mean grain yield of Hanamanten 64.4 kg/a was higher than( )
Shiranekomugi. However, snow mold tolerance of Hanamanten was low.
Data of six milling characteristics in Table 23 were the means of several replications in
every year from 2000 to 2004. Crude protein and ash content of 60% flour and gluten index of
Kinuhime 9.7%, 0.39% and 70.8, respectively was lower than Shiranekomugi 10.3%, 0.42% and( ) (
79.9, respectively . Thus Kinuhime was soft wheat and has good Japanese noodle quality. Crude)
protein and ash content of 60% flour and gluten index of Yumeasahi 11.3%, 0.48% and 94.5,(
respectively was higher than Shiranekomugi. Thus Yumeasahi was hard wheat and has good)
baking quality. Crude protein and ash content of 60% flour and gluten index of Hanamanten
11.4%, 0.43% and 98.7, respectively was higher than Shiranekomugi. Thus Yumeasahi is extra( )
hard wheat and has good Chinese noodle quality.
Breeding procedure of these cultivars was shown in Table 24 and 25.
By using the DH method, new cultivars 'Hanamanten' was developed in 9 years and
'Yumeasahi' was developed in 8 years after initial crossing. In conventional cross breeding of wheat,
the time for breeding a new cultivar is usually longer as 16 years for 'Shiranekomugi' 1986 , 15( )
years for 'Shunyou' 1994 , 12 years for 'Yumeseiki' 2001 and 14 years for 'Fusetsu' 2003 ,( ) ( ) ( )
showing that DH method could shorten the time for breeding considerably.
By applying DH method, the author showed that new cultivars with good agronomic
characters and high flour quality, which had been considered very difficult for a long time to
combine, could be developed relatively in a short time.
The acreage of 'Hanamanten' was 60 hectares and that of 'Yumeasahi' was 26 hectares in
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2007 seeding in Nagano prefecture. Evaluation by farmers, flour industry and consumers are
generally high and more acreage of these cultivars are expected.
Year of
seedling 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
Generation Cross F1 DH1 DH2 DH3 DH4 DH5 DH6 DH7 DH8 DH9 DH10 DH11
Tozan3
0
Kinu-
hime
Number of
planted line
groups
36 18 6 2 1 1 1 1 1
Number of
planted
Lines
376 108 54 20 10 5 5 34 20 10
Nunber of
planted
individuals
50 ears
840 grains
were
produced
1321
plantlets
Number of
selected line
groups
18 6 2 1 1 1 1 1 1
Number of
selected lines 36 18 6 2 5 1 1 1 1 1
Nunber of
selected
individuals
676
plantlets
produced
seeds.
108 90 30 10 5 5 34 20 20 20
Yield test Pre. Pre. Pre. Per-form.
Per-
form.
Per-
form.
Per-
form.
Per-
form.
Number of
tests of
spesific
characters
3 3 7 10 6 5 5 5
Pre. ; Preliminary yield test, Perform.; Performance test
Table 24. Breeding prosedure of a new cultivar 'Kinuhime' developed by bulbosum method.
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Year of
seedling 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Generation crossing F1 DH1 DH2 DH3 DH4 DH5 DH6 DH7 DH8 DH9
Tozan 38 Tozan40 Yume-asahi
Hana-
manten
Number of
planted line
groups
35 8 6 6 3 3 3
Number of
planted lines 450 175 40 45 75 45 45 20
Nunber of
planted
individuals
30 ears
320 grain
was
produced
1200
plantlets
Number of
selected line
groups
8 6 6 3 3 3 3
Number of
selected lines 35 8 6 6 3 3 3 3
Nunber of
selected
individuals
450
plantlets
produced
seeds.
175 40 45 75 45 45 20
Yield test Pre Pre
Pre.
Perform.
(Tozan38)
Perform. Perform. Perform.
Number of
tests of
spesific
character
5 10 7 10 14 11
Pre. ; Preliminary yield test, Perform.; Performance test
Table 25. Breeding procedure of new cultivars 'Hanamanten' and 'Yumeasahi' developed by maize
             method.
- 79 -
Summary
Haploid breeding was applied to the cross of soft wheat / extra hard wheat. As for DH lines,3
the distribution of agriculture and quality characteristics did not have skewness. As test weight was
heavy in hard wheat, flour yield tended to be high. Low test weight lines should be eliminated for a
hard wheat to save a time and labor. High molecular glutenin subunits 5+10 had a positive effect on
dough properties
New cultivars, 'Kinuhime', 'Yumeasahi' and 'Hanamanten', were released by haploid
breeding. 'Kinuhime' was developed with method. It was selected from the cross, 'Kanto95'bulbosum
/ 'Tozan18' // 'Nishikazekomugi', with very early maturity and high yielding.
'Yumeasahi' and 'Hanamanten' were developed through maize method from the cross,
'Saikai179' / 'KS831957'. Yumeasahi is hard wheat and has good baking quality. Hanamanten is
super strong wheat with Chinese noodle quality.
'Hanamanten' was developed in 9 years and 'Yume Asahi' was developed in 8 years after
initial crossing. In conventional cross breeding of wheat, the time for breeding a new cultivar is
usually 12 16 years, showing that DH method could shorten the time for breeding considerably.-
By applying DH method, new cultivars with good agronomic characters and high flour
quality, which had been considered very difficult to combine, could be developed relatively in a short
time.
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Chapter 7.
General Discussion
- 81 -
It is our wheat breeder's duty to developed immediately new cultivars with characteristics
demanded by the producer, the flour milling company, the seller, the buyer and the consumer. Also
the cultivars must have the characteristic predicted in the future. The author, in this thesis,
reviewed the cultivars developed in Nagano Agricultural Experiment Station to achieve this duty of
the breeders effectively and to discuss the useful breeding method for the future.
Pedigree analysis, in which the breeding materials were studied For the old Tozan lines.
from Tozan 1 zenkojikomugi to Tozan 25 Syunyo , the pedigree became simpler than new Tozan( ) ( )
lines as expected. Three ancestors, Chunaga, Igatikugo, Eshima, collectively, contributed 35.6% to
the gene pool. The cultivars developed in Kanto and Tokai region indicated relatively high kinship to
Tokai lines. Tozan lines more related to cultivars in Tohoku region tended to be late heading and to
be more cold-tolerant. In general, Tozan lines related to earlier maturity cultivars had low
over-wintering ability and low grade of spring habit. Tozan lines related high potential yield cultivar
had low flour protein, therefore not related to milling score. It seems that Tozan lines have no
specific cultivars used extensively as a cross parent having significant influence to yield or flour
quality as in the case of Koshihikari in rice or Harunanijo in malting barley. Pedigree analysis
conducted in this study had assisted constructing a more reasonable strategy for developing more
.high yield and high quality cultivars
If genetically fixed lines is provided by haploid breeding method, its method will lead new
cultivars by selecting fixed lines in a short time in comparison with other cross breeding method
except linkage. Therefore, as the one of effective breeding methods, the author developed haploid
breeding method for wheat.
Among three haploid breeding methods, more gametoclonal variation of anther culture
method Baenziger et al.,1983, 1989; Buyser et al., 1985; Winzeler et al.,1987; Marburger and(
Jauhar, 1989; Carver and Johnson, 1989 was reported than Snape et al., 1988 or) ( )bulbosum
maize method Suenaga and Nakajima, 1993b . Therefore, and maize method were( ) bulbosum
employed in this study. By the way, works of intergeneric crossing in the field competes with field
work of conventional breeding. In maize method, the greenhouse of high temperature is necessary
during winter. appears to be sensitive to the action of dominant alleles forH. bulbosum Kr( )
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the wheat crossability. But the gene was not present in Tozan lines.
In the present work, the treatment with 2,4-D at higher than 125 mg L clearly reduced the-1
percentage of embryos developing into plantlets, although the effect of 2,4-D at a concentration
-1 -1below 100 mg L was not significant. The treatment with 2,4-D at a concentration above 75 mg L
also reduced the sizes of embryos not developing into plants. Therefore, this thesis shows that the
treatment with 2,4-D is considered to inhibit the growth of embryos.
On the other hand, in the crosses of wheat x maize, the results showed that 2,4-D was more
useful for haploid wheat production than either NAA, IAA, kinetin or BA. The frequency of plant
regeneration was significantly increased by the treatment with 100 mg L 2,4-D. The embryo-1
H.development was inhibited by the treatment with over 50 mg L 2,4-D. In the crosses of wheat x- 1
, similar results had been observed. The treatment with 2,4-D at 50 mg L was mostbulbosum -1
effective for the development of the embryo into the plant and the increase of embryo size, and that
at 100 mg L for haploid production. The optimum concentration of 2,4-D for seed setting was 125 ~- 1
-1 -1150 mg L . In this study, the concentration of 2,4-D in the seed on the spikes treated with 50 mg L
2,4-D was 1.15 ppm, and embryo development was increased under this condition. 2,4-D in the seed
at a concentration higher than 6.55 ppm may inhibit the normal activity of the embryo though it
increased seed setting.
Three factors frequency of seed setting, embryo formation and development of embryo into(
plantlets play important roles in the production of haploid plants. The present study revealed that)
2,4-D treatment at the concentration of 100 mg L or lower had a promotive effect on the wheat- 1
haploid production.
The author described the results of selection of maize and teosinte genotypes as pollen
donors for maize method. The frequency of regenerated plants on pollinated florets was the highest
in wheat x teosinte cross 31.5% , which was about three times the highest value obtained in wheat( )
x maize though these plants were grown in a greenhouse during the winter season. Teosinte also
can be used for wheat haploid breeding programs.
Whether or not a genetic variation occurs in the progeny of the DH lines is tested.
The method was compared with the conventional bulk method. The DH linebulbosum
produced by the method shows no difference in the frequency distribution of the culmbulbosum
length among generations, showing no segregation. On the other hand, the frequency distribution of
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culm length in F did not agree with that in earlier generations, showing genetic drift of the short6
culm lines carrying the gene due to inhibition of growth of short culm individuals caused byRht
shading by the long culm individuals when the mass selection was applied.
( ) ( )Snape et al. 1988 detected wheat gametoclonal variations. Lauirie and Snape 1990
suggested that the variation in DH lines produced by the maize method and the methodbulbosum
was likely to be similar. Suenaga and Nakajima 1993 reported that the segregation ratio of the( )
DH lines coincided with the expected ratio. GA sensitivity and the culm length in the DH lines
produced by the method were similar to those in the DH line produced by the maizebulbosum
method, and there was no difference between the methods.
In addition, the segregation ratio of the gametophytic phenotypes in the DH lines produced by
the two methods was close to the expected ratio of 1:2:1. Therefore, the two methods could be useful
Rhtfor breeding of wheat without a genetic drift. Furthermore, medium culm lines carrying one
gene by the response to GA can be selected before planting, reducing the number of lines by half. In
haploid breeding, we can thus improve the efficiency of developing new wheat cultivars.
Main objectives of wheat breeding in Nagano Agricultural Experiment Station are as follows:
early maturity with winter habit, high yield, freezing hardiness, snow endurance, heaving resistance
and resistance to pre-harvest sprouting. By conventional cross breeding, gathering high
over-wintering ability and early heading time, or high yield and high protein content needed many
years, and was difficult.
Good baking quality cultivars introduced from foreign countries were generally late
maturing. Though it was performed many times till now to develop hard wheat cultivars with early
heading time by traditional cross breeding, it had not been possible to select cultivars with such
characters.
However, using the method described in this thesis, three promising new cultivars of hard
wheat could be developed.
One of the cultivars, 'Kinuhime' was developed through method in 11 years.bulbosum
'Yumeasahi' and 'Hanamanten' were developed through maize method. 'Yumeasahi' has good baking
quality. 'Hanamanten' is a super strong wheat and has very early maturity 'Hanamanten' was.
developed in 9 years and 'Yumeasahi' was developed in 8 years after initial crossing, showing that
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DH method could shorten the time for breeding considerably. Thus, by applying DH method, the
author showed that new cultivars with good agronomic characters and high flour quality, which had
been considered very difficult for a long time to combine, could be developed relatively in a short
time.
In conclusion, the author believes that the new wheat breeding method was established and
the new characters with good flour quality developed by this method could contribute wheat
production in Japan considerably.
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前長野県中信農業試験場長村松幸夫氏，長野県農事試験場長手塚光明氏には大学院での研究機会を与え
ていただきました。心から感謝申し上げます．
精神的な支えとなり，常にあたたかい声援を送ってくれた両親である牛山浩一氏，牛山千恵氏，息子達
の牛山敬義氏，牛山明彦氏，牛山佳彦氏に心から感謝申し上げます．
最後に，３人の大学生を抱えることになり，苦しい家計をやりくりし，家族を支えてくれた妻牛山和美
氏に心からの敬愛と感謝を申し上げます．
- 93 -
小麦の半数体育種に関する研究
牛山智彦
要旨
小麦の国内消費は 割近くを海外に依存しているが，近年の不作や小麦畑のバイオエタノール関係作9
物への転換が図られる中，国際相場が不安定で，国産麦への期待感が高まっている．一方，内外価格差の
大きな国産小麦は，国家予算による交付金制度がなければ成り立たない状況で，生産者，流通関係者，製
粉関係者らが要望する高位安定性と高品質が国産小麦品種の緊急課題となっている．
長野県では，優れた越冬性を持つと同時に早熟で穂発芽しにくい高品質な小麦品種が求められている．
そこで，従来からの集団育種法に加え，遺伝的固定に有利な半数体育種法の確立を試みた．
初めに，長野県農事試験場の育成系統（東山系統）の家系分析を行った．東山系統の，最大世代数，総
祖先数，重複を除いた祖先数の最大値は，それぞれ ， ， であった．祖先品種の寄与率で最も高13 222 94
かったのは中長の ％で，その他 品種で合計 ％の寄与率となり，遺伝資源の狭さを伺わせた．24.0 7 51.5
ヒヨクコムギと東山系統の間で平均 の近縁係数であった．東山系統は，関東東海地域，近畿四国0.216
中国地域，九州地域の育成品種との間にそれぞれ平均 ， ， の近縁係数を示した．東北地0.165 0.155 0.157
域品種と近縁度の高い東山系統は出穂期が遅く，耐寒性が強かった．アヤヒカリ，キヌアズマと近縁度の
高い東山系統は出穂が早い傾向を示した．
， ，早生 多収の母本としてしばしば使われたフクホコムギと近縁度が高い東山系統は低蛋白の傾向を示し
と近縁度の高い系統は高蛋白の傾向を示した．しかし東山系統の収量性や品質に特異的に影響KS831957
を及ぼす品種は認められなかった．
野生大麦（ )やトウモロコシなどを花粉親として小麦と交配すると，胚形成の初期Hordeum bulbosum
の過程で花粉親の染色体のみが特異的に消失し，胚培養により小麦の染色体のみを持つ半数体ができる．
この染色体を倍加すると固定した倍加半数体（ ）系統がただちに得られ，育種年限が短縮される．こDH
の方法を利用した小麦の半数体育種法の開発を行った．
この属間交雑には一部の小麦が持つ不和合成遺伝子が半数体作出を抑制する．そこで， の東山系統21
について野生大麦との親和性をみたところ 系統で半数体の胚が得られた．親和性のない小麦の遺伝子14
素材も利用するため，親和性のあるフクホコムギと親和性のない東山系統，東山 号，シラネコムギと16
の交配由来の 世代と， 世代で，交配した小花の から から 系統が得られた．F B F 2.9% 8.4% DH2 1 1
を片親として人工交配し，濃度を変えた を添加し蔗糖を加えた亜硫酸水溶液に切H. bulbosum 2,4-D
除した交配穂を浸して生育させた． 日後，結実した種子から胚を摘出し，胚の最大長を測定後，胚を14
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培養した． 処理によって種子形成率が著しく増加し，胚形成率は， まで増加傾向を示し2,4-D 100 mg L-1
た．胚からの植物体再分化率は， 以上の 処理濃度で著しく減少した．小麦半数体の交配125 mgL 2,4-D-1
小花当りの植物体再生には， 濃度 以下の処理が有効であった．2,4-D 100 mg L-1
小麦とトウモロコシの交配で， 蔗糖， 亜硫酸水溶液に ，ナフタレン酢酸( ，40 g/L 0.05 % 2,4-D NAA）
インドール酢酸，カイネチン， ベンジルアミノプリン( )を添加し交配した穂を生育させた．胚形成6- BA
率および交配小花当たりの植物体再生率において， の 処理区だけが無処理区に比較し有100 mgL 2,4-D-1
意に高い値が得られ， が有効であることが確認された．2,4-D
2,4-D 50 mgL 150 mgL 2,4-D次に，濃度を変えた 処理を交配穂に行なった．胚形成率は， から の-1 -1
処理区で高く，胚の大きさは の 処理区で最も大きく， 処理濃度がより高くなると50 mgL 2,4-D 2,4-D-1
胚の大きさは小さくなる傾向を示した．交配小花当たりの半数体植物体再生率は， から の25 150 mgL-1
処理区が高かった．
穎と穂軸は の処理濃度が増加すると吸収量が増加するが，種子中の 吸収量は 処2,4-D 2,4-D 100 mgL- 1
理区では吸収量が増加しなかった．
以上のことから，小麦×トウモロコシによる半数体を得るには から の 処理50 mgL 100 mgL 2,4-D-1 -1
が有効であった．
テオシントは受粉した小花当たり ％の高頻度で半数体の植物体を作出でき，小麦半数体作出のた31.5
めにテオシントとの交雑が有用であった．
トウモロコシ法を用いて，異なる半矮性遺伝子を持つ，東山１８号（ ）×フクホコムギ（ ）Rht2 Rht1
の から 系統を得て，集団のゆがみの有無を方法間で比較した．比較として同一材料で自殖を重ねF DH1
た ～ の稈長も測定した．また， 法による， ～ 世代までの系統を点播して稈長F F DH DH3 6 3 6bulbosum
DH 1:3を測定した 系統は各世代間で頻度はよく一致し 二つの山に分かれ 低い稈長と高い稈長の頻度は． ， ，
の期待値に一致した．しかし， の稈長の頻度分布は の頻度分布と一致しなかった．また，ほF F ,F ,F6 3 4 5
ぼ連続した分布になった．また， から の系統群では， 系統群に比較し，長稈系統の頻度が高くF F DH3 6
なる傾向を示した．
GA DH 24, 58,稈長と 反応の散布図から 系統は３群に分かれた 法の系統では それぞれ， ． ， ，bulbosum
Rht1Rht2 Rht1rht2 rht1Rht2 rht1rht220 27, 49, 26 : + :系統 トウモロコシ法では それぞれ 系統で ( )， ， ， ，
の期待値に一致した．また，両方法間で，稈長， 反応の頻度分布もよく一致した．= 1 : 2 : 1 GA
このように，半数体育種法では遺伝的なゆがみは認められず，栽培上重要な一個の 遺伝子を持つRht
中稈の稈長を持つ系統を，圃場に展開する前に実験室で 反応性をみることにより選抜ができ，育種計GA
画の効率化が図られた．しかし，自殖系統では密植により世代を重ねると遺伝的なゆがみが生じた．この
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ことも半数体育種法の有効性を示すものと考えられる．
最後に，早生の軟質系統と晩生の超強力小麦の交配由来の において，トウモロコシ法による半数体F １
育種法の適用をおこなった．特性値の頻度分布には特定の偏りは認められなかった．もし，早熟系統の中
， ， ． ，に 越冬性が優れた硬質小麦がなければ 後の新品種は生まれてこなかったと考える 硬質小麦において
容積重が高いと製粉歩留りが高い傾向があり，近年の品質取引の上では重要な選抜情報となる．また，高
分子グルテニンサブユニット５＋１０の有無と，ミキソグラフの生地の弱化度とに関係が認められ，しば
しば生地の弱化が問題となる国産軟質小麦の改良に有益な情報となった．
以上の半数体育種の研究の中から， 法により新品種キヌヒメ，トウモロコシ法によりユメアbulbosum
サヒ，ハナマンテンを育成した．
12 1998 95 / 18 // 3交配から 年目の 年に種苗登録されたキヌヒメは，関東 号 東山 号 ニシカゼコムギの
系交配の から作出した 系統から選抜した．キヌヒメは早熟多収で耐寒性に優れ小麦粉灰分の少なF DH1
い良質日本麺用品種で，中山間地域に普及している．
ユメアサヒ，ハナマンテンは，西海 号 の 由来の 系統から選抜した．ユメアサヒ179 /KS831957 F DH1
は中生品種で穂数が多く，耐凍上性と耐穂発芽性に優れている． ％粉の蛋白質含有量と灰分，グルト60
マチックによるグルテンインデックスはそれぞれ ， ， と長野県の主要な品種シラネコ11.3% 0.48% 94.5%
ムギよりも高い値を示した．ユメアサヒはパン用の良質品種である．ハナマンテンは早熟品種で穂数が多
く耐凍上性と耐穂発芽性に優れ，シラネコムギより多収であった．ハナマンテンは蛋白質含有量とグルテ
ンインデックスがシラネコムギよりも高い超強力小麦で，中華麺用の良質小麦である．
トウモロコシ法によるハナマンテンは交配から 年，ユメアサヒは 年で育種された．これまで行わ8 9
1986 16 1994 15 2001れてきた集団育種法では 年育成のシラネコムギが 年 年育成のしゅんようが 年， ， ，
年育成のユメセイキが 年， 年育成のフウセツが 年の育種年限であった（いずれも品種登録ま14 2003 14
での年数 ．）
以上のように，筆者は半数体育種法により，従来困難とされてきた優れた栽培特性と高い製粉特性を併
せ持つ品種を短期間で育成できた．
このように，本論文に示したこれらの成果は，小麦の育種方法に新しい展開を与えたのみならず，本研
究の結果育成された優れた特性を持つ新品種は，我が国の小麦生産に寄与するところが大であると考えら
れる．
